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ABSTRACT OF DISSERTATION

LONGITUDINAL ASSOCIATIONS BETWEEN SLEEP FUNCTIONING AND
ADOLESCENT ADJUSTMENT
The current dissertation consists of three interrelated studies examining the
relationship between sleep functioning and adolescent adjustment. Although links between
sleep patterns and internalizing problems and externalizing or problem behaviors in
children and adolescents have been established in literature, several gaps remain in this
research. This dissertation addressed these by: (a) testing sleep problems, quantity, and
chronotype in childhood as predictors of internalizing problems in adolescence (Study 1),
(b) testing sleep problems, quantity, and chronotype in childhood as predictors of problem
behaviors in adolescence (Study 2), and (c) testing sleep problems and quantity as
mediators of the chronotype-adjustment link (Study 3). Latent Growth Modeling (LGM)
and Half-longitudinal Path Analysis were used to carry out these studies using a large
sample of children part of the European Longitudinal Study of Pregnancy and Childhood
(ELSPAC).
Findings from Study 1 and 2 showed that greater sleep problems in early childhood
and their slower decrease during childhood predicted higher levels of internalizing
problems and problem behaviors in early adolescence. Furthermore, lower sleep quantity
in early childhood predicted higher internalizing problems and problem behaviors in early
adolescence and a greater increase in problem behaviors in adolescence. Lastly, greater
eveningness in early childhood predicted greater increases in problem behaviors during
adolescence. Results of Study 3 provided evidence that evening chronotype longitudinally
predicted less favorable sleep patterns, including greater sleep problems and lower sleep
quantity. However, only sleep problems significantly predicted measures of adjustment,
particularly internalizing problems; no effects of sleep quantity on adjustment were found.
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INTRODUCTION
Sleep has been always understood as an indicator of health; yet, it was not until
recently that researchers started to examine the nature of the relationship between sleep
patterns and both physical and mental functioning (Gregory & Sadeh, 2016). Studies
focused on the topic – published mostly during the past decade – showed that impaired
sleep was associated with a wide variety of health problems, including weight gain, risk
of injury, and psychosocial adjustment, such as internalizing and externalizing problems
(Astill, Van der Heijden, Van IJzendoorn, & Van Someren, 2012; Kuo et al., 2015;
Sadeh, Tikotzky, & Kahn, 2014; Stallones, Beseler, & Chen, 2006).
The focus of the current, three-study dissertation is sleep functioning,
operationalized as sleep problem, sleep quantity, and chronotype
(morningness/eveningness) as predictors of adolescent adjustment, namely internalizing
problems and problem behaviors. Adolescence has been described as a period of
vulnerability for development of both internalizing problems and problem behaviors,
including risky behaviors or delinquency (Broidy et al., 2003; Compas, Hinden, &
Gerhardt, 1995; Graber, 2013; Walker, 2002). At the same time, sleep patterns undergo
substantial developmental changes during childhood and adolescence, including
decreases in sleep problems, overall sleep quantity, and a shift towards evening
preference (Carskadon, Vieira, & Acebo, 1993; Hirshkowitz et al., 2015; Laberge et al.,
2001). Understanding whether variability in the developmental patterns of sleep
contributes to future adjustment difficulties is important to focus both prevention and
treatment strategies (Sadeh et al., 2014). For example, if poor sleep contributes to the
development of internalizing problems, timely treatment of sleep troubles might prevent a
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risk of later depression and anxiety. Similarly, if short sleep predicts adjustment problems
in adolescents, it might be meaningful to reevaluate current policies that contribute to the
lack of sleep in adolescent population (e.g., school start times; Bowers & Moyer, 2017).
Based on the scholarship focused on the sleep functioning-adjustment link, it is
possible to conclude that: (a) greater sleep problems are related to both internalizing
problems and problem behaviors in children and adolescents (Gregory & Sadeh, 2016;
Sadeh et al., 2014), (b) shorter sleep duration is associated with both internalizing
problems and problem behaviors in children and adolescents (Astill et al., 2012), and (c)
evening chronotype is associated with both internalizing problems and problem behaviors
in children and adolescents (Asarnow, McGlinchey, & Harvey, 2014; Schlarb, Sopp,
Ambiel, & Grünwald, 2014).
The association between sleep and internalizing problems has received a
considerable research attention. Sleep problems, sleep quantity, and to a lesser extent
chronotype have been found to be associated with internalizing problems in adolescents
both cross-sectionally and longitudinally (Sivertsen, Harvey, Lundervold, & Hysing,
2014; Wang et al., 2016; Wong, Brower, & Zucker, 2009). Based on longitudinal
investigations, stronger support was found for the direction from sleep functioning to
internalizing symptoms rather than vice versa (Astill et al., 2012; Lovato & Gradisar,
2014).
Evidence for the link between sleep and problem behaviors is more scarce and
based predominantly on cross-sectional studies. Results of the cross-sectional
investigations provided support for the link between sleep functioning and
maladjustment, such as inattention/hyperactivity, irritability, aggression, and delinquency
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(Astill et al., 2012; Schlarb et al., 2014; Shochat, Cohen-Zion, & Tzischinsky, 2014).
Longitudinal studies have provided support for the effect of sleep functioning on later
problem behaviors; however, both the reverse direction and no effect were found by some
authors (e.g., Sheridan et al., 2013; Touchette et al., 2009; Umlauf, Bolland, Bolland,
Tomek, & Bolland, 2015). Given the known links between sleep functioning and
adjustment, several hypotheses were developed to explain how poor sleep translates into
higher levels of internalizing problems and problem behaviors. These include: (a) altered
physiological functioning (Astill et al., 2012; Schlarb et al., 2014), (b) impaired executive
functioning that predicts particularly problem behaviors (Meldrum, Barnes, & Hay, 2015;
Peach & Gaultney, 2013), and (c) genetic factors that explain both sleep problems and
maladjustment (Barclay, Eley, Maughan, Rowe, & Gregory, 2011).
Several gaps in the current scholarship remain to be addressed. First, there is a
need for longitudinal studies that test temporal ordering of sleep and adjustment
variables. This is particularly important in studies testing the mediating mechanisms
between compromised sleep and adjustment. Second, the pathways from sleep
functioning to adjustment difficulties are still poorly understood. Rigorous mediation
tests need to be done in order to establish causal and temporal connections between the
variables (Sadeh et al., 2014; Schlarb et al., 2014). Third, in the majority of studies
focused on the sleep-adjustment link, sleep functioning was operationalized in terms of
sleep duration and sleep problems. Although, the number of cross-sectional studies
testing the association between chronotype and adjustment measures has increased,
longitudinal studies on the topic are virtually nonexistent.
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The current dissertation addressed the existing gaps in the literature using a large,
longitudinal sample from the European Longitudinal Study of Pregnancy and Childhood
(ELSPAC; Piler et al., 2016). Study 1 examined longitudinal associations between
childhood sleep functioning (sleep problem, sleep quantity, and chronotype) and
adolescent internalizing problems (depression and anxiety symptoms). All three
indicators of sleep were modeled as developmental trajectories from 1.5 to 7 years (four
time points) and regressed on developmental trajectories of internalizing symptoms,
modeled from 11 to 18 years (three time points). In Study 2, the same approach was used
to predict developmental trajectories of problems behaviors in adolescence
(inattention/hyperactivity, aggression, and delinquency).
Both Study 1 and Study 2 were designed to address: (a) an insufficient number of
longitudinal studies investigating the links between sleep functioning and adjustment,
particularly from a developmental perspective, and (b) a lack of studies examining the
role of chronotype in predicting adjustment over time. Results from both studies
contribute to understanding whether and how can sleep functioning serve as an early
marker of later maladjustment and might thus enable clinicians to identify at-risk
individuals before more serious symptoms develop (Sadeh et al., 2014). Sleep
functioning has been found to predict both internalizing problems and problem behaviors;
however, via different pathways. For example, poor sleep has been proposed to affect
self-regulation that is more reliable predictor of problem behaviors than internalizing
problems (Astill et al., 2012; Schlarb et al., 2014). Thus, internalizing problems and
problem behaviors, despite both being related to sleep, were discussed and examined
separately.

4

Study 3 tested the mechanisms behind the associations between chronotype and
internalizing problems as well as problem behaviors. More specifically, it was focused on
a question whether the chronotype-adjustment link is mediated by sleep quantity and
sleep problems. Evening chronotypes reported both increased level of internalizing and
externalizing problems as well as shorter sleep duration and greater sleep problems in
comparison to intermediate and morning types (Asarnow et al., 2014; Giannotti, Cortesi,
Sebastiani, & Ottaviano, 2002; Schlarb et al., 2014). Thus, Schlarb and colleagues (2014)
hypothesized sleep quantity and problems as the most proximal variables potentially
explaining the link between eveningness and adjustment. Nevertheless, this hypothesis
has not been sufficiently tested in previous work. Therefore, the main purpose of Study 3
was to address this gap in research and test whether sleep problems and quantity
mediated the chronotype-adjustment link in children and adolescents part of the European
Longitudinal Study of Pregnancy and Childhood (ELSPAC; Piler et al., 2017). Halflongitudinal mediation models (Cole & Maxwell, 2003; Little, 2013) were used to test
study hypotheses.
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STUDY I: CHILDHOOD SLEEP FUNCTIONING AS A DEVELOPMENTAL
PRECURSOR OF ADOLESCENT INTERNALIZING PROBLEMS
Abstract
The purpose of this study was to test childhood sleep patterns (i.e., sleep
problems, sleep quantity, and chronotype) as predictors of internalizing problems in
adolescence. This study used Latent Growth Modeling (LGM) based on data from the
European Longitudinal Study of Pregnancy and Childhood (ELSPAC) to: (a) model
developmental changes of sleep patterns (from 1.5 to 7 years) and internalizing
symptoms (from 11 to 18 years), and (b) to test the developmental trajectories of sleep
characteristics as predictors of internalizing problems trajectories. Results showed that
sleep problems and nighttime sleep quantity decreased from 1.5 to 7 years, while
midsleep point, an indicator of chronotype, shifted towards greater eveningness during
this time period. Findings from the predictive LGM models provided evidence that
children with higher levels of sleep problems at 1.5 years and slower decreases during
childhood had higher levels of internalizing problems at age 11. Furthermore, lower sleep
quantity at age 1.5 predicted higher internalizing problems at age 11, but only when
internalizing problems were mother-reported. No effect of chronotype was found on the
trajectory of internalizing problems. Thus, childhood sleep problems appear to be more
salient predictor of adolescent internalizing problems than sleep quantity and chronotype.
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Literature Review
Sleep has been always understood as an indicator of health (Gregory & Sadeh,
2016); yet, it was not until recently that researchers started to examine the nature of
relationship between sleep patterns, and physical and mental functioning, including
internalizing problems. Studies focused on the topic – published mostly during the past
decade – provided important insights into the role of sleep as a correlate and predictor of
depression and anxiety in both children and adolescents (Astill et al., 2012; Gregory &
Sadeh, 2016; Sadeh et al., 2014; Willis & Gregory, 2015). Based on a recent metaanalysis and literature reviews, shorter sleep duration and greater sleep problems
predicted higher internalizing problems in children and adolescents (Astill et al., 2012;
Gregory & Sadeh, 2016; Sadeh et al., 2014). A number of authors have reported
bidirectional relationships, although more support exists for the link from sleep to
internalizing problems than vice versa (Gregory & Sadeh, 2016; Sadeh et al., 2014).
Evidence from previous research indicates that poor sleep predicts internalizing problems
via altered physiological functioning (Astill et al., 2012; Schlarb et al., 2014) or is
associated with internalizing problems due to genetic factors that explain both sleep
problems and poor adjustment (Barclay et al., 2011).
Adolescence has been described as a period of vulnerability for development of
internalizing problems (Graber, 2013; Walker, 2002); thus, it is important to understand
potential early risk factors in order to prevent and treat adolescent psychopathology.
Childhood sleep disturbances have been examined as precursors of adolescent
internalizing problems (Gregory & O’Connor, 2002; Meijer, Reitz, Deković, van den
Wittenboer, & Stoel, 2010; Whalen, Gilbert, Barch, Luby, & Belden, 2017); however,
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most authors of these studies did not examine developmental trajectories of sleep
characteristics as predictors of internalizing problems, and similarly, they did not test
trajectory of internalizing problems as an outcome. Moreover, most of the studies have
been focused on sleep problems rather than sleep quantity and chronotype, and utilized
samples spanning fairly short time period.
This study builds upon the existing work in three important ways, namely (a) by
testing developmental changes of sleep problems and internalizing problems, rather than
utilizing their mean levels as predictors and outcomes, (b) by testing variety of childhood
sleep characteristics, including sleep problems, quantity, and chronotype as predictors of
internalizing problems in adolescence, and (c) using a large longitudinal sample spanning
16.5 years. Developmental trajectories of sleep characteristics and internalizing problems
were be modeled using Latent Growth Modeling (LGM) in a sample from the European
Longitudinal Study of Pregnancy and Childhood (ELSPAC; Piler et al., 2017).
Developmental Trajectories of Sleep Characteristics
Sleep patterns undergo substantial changes from early childhood to late
adolescence (Gregory & Sadeh, 2016; Wang et al., 2016). On average, sleep quantity
declines from 12-15 hours during both night and day in infants to 7-9 hours per night in
late adolescents (Hirshkowitz et al., 2015). However, previous research showed
considerable inter-individual variability in sleep duration trajectories from childhood to
adolescence. Depending on a study, between 10.8% and 14.5% of the sample fell into
trajectories characterized by persistent or increasing short sleep (Magee, Gordon, &
Caputi, 2014; Seegers et al., 2011; Touchette et al., 2007). Hayley and colleagues (2015)
reported a moderate stability of short sleep duration from ages 13 to 30 years.
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Similarly, sleep problems were found to decline from early childhood to late
adolescence (Gregory & O’Connor, 2002), although individual differences in their
developmental course were found (Wang et al., 2016). Stability of sleep problems was
reported as high between ages 8 and 12 (Pesonen et al., 2014) but only moderate when
longer timespan was investigated (e.g., preschool to adolescence; (Gregory & O’Connor,
2002). Sivertsen, Harvey, Pallesen, and Hysing (2017) found that sleep problems
persisted in approximately one third of the sample during a 10-year period starting
between ages 7-9 (N = 2,026). Lastly, from childhood to adolescence, chronotype shifted
towards evening preference (Gau & Soong, 2003; Laberge et al., 2001), largely due to
biological changes related to puberty (Carskadon et al., 1993).
Concurrent Associations between Sleep Patterns and Internalizing Problems
Cross-sectional studies have provided evidence that unfavorable sleep patterns,
such as lack of sleep, sleep problems, and evening chronotype were associated with
higher levels of depression and anxiety in children and adolescents (Astill et al., 2012;
Gregory & Sadeh, 2016). Sleep problems were related to internalizing symptoms in
toddlers independently of temperamental and family variables (Reid, Hong, & Wade,
2009) as well as in school-aged children (Becker, 2014; Paavonen, Porkka-Heiskanen, &
Lahikainen, 2009). Shorter sleep duration but not sleep efficiency was found to be
associated with greater internalizing problems in a recent meta-analysis focused on the
issue in children (Astill et al., 2012).
Similar relationships were, however, found also in adolescent samples. In a large,
population-based study of Norwegian adolescents aged 16-18 years, the authors found
significant overlap of sleep characteristics, including insomnia, short sleep duration, sleep
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onset latency, and wake after sleep onset with depression (Sivertsen et al., 2014). Also
Rubens, Evans, Becker, Fite, and Tountas (2016) reported relationship between sleep
duration and quality, and anxiety and depression in an adolescent sample. However, the
authors found a curvilinear relationship between the sleep duration and internalizing
symptoms – too much sleep was associated with depression and anxiety as insufficient
sleep was. Conversely, some authors found only an effect of sleep problems but not sleep
duration on depression (Short, Gradisar, Lack, & Wright, 2013).
Previous scholarship provided evidence of consistent associations between
evening chronotype and higher internalizing problems in adolescents (Gau et al., 2007;
Gelbmann et al., 2012; Randler, 2011; Short et al., 2013; Tzischinsky & Shochat, 2011)
and adults, including college students (Hidalgo et al., 2009; Hsu, Gau, Shang, Chiu, &
Lee, 2012; Simor, Zavecz, Pálosi, Török, & Köteles, 2015). Simor and colleagues (2015)
found that the relationship between chronotype and negative emotionality was mediated
via sleep problems, however, only partially.
Longitudinal Associations between Sleep Patterns and Internalizing Problems
Although crucially important, results of cross-sectional studies cannot be
interpreted in terms of causality or temporal ordering of sleep functioning and
internalizing problem variables. Prospective or longitudinal studies are needed to clarify
whether sleep functioning leads to changes in internalizing problems or the opposite
direction is more accurate. Prospective and longitudinal studies addressing this limitation
suggested bidirectional relationships between sleep functioning and internalizing
problems with somewhat stronger support for the direction from sleep functioning to
internalizing symptoms than vice versa (Astill et al., 2012; Lovato & Gradisar, 2014).
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Sleep problems, short sleep, and later bedtimes (an indicator of evening chronotype)
predicted increase in internalizing problems both in children and adolescents (Mindell,
Leichman, DuMond, & Sadeh, 2017; Perfect, Levine‐Donnerstein, Archbold, Goodwin,
& Quan, 2014; Wong, Brower, & Zucker, 2011).
Some authors explicitly tested directionality of the relationship between sleep and
internalizing symptoms. Alvaro, Roberts, Harris, and Bruni (2017) found bidirectional
associations between insomnia and depression in a sample of Australian high school
students. Bidirectional relationships between sleep problems, and depression and anxiety
were found also by Shanahan, Copeland, Angold, Bondy, and Costello (2014) in a
sample of children aged 9-16 years. Lastly, Conway, Miller, and Modrek (2017) reported
bidirectional relationship between troubles getting asleep and internalizing problems in
toddlers. Several authors found unidirectional relationships only. In adolescents, poor
sleep was found to predict internalizing problems but not vice versa by Pieters and
colleagues (2015) and Meijer and colleagues (2010). Conversely, Hayley and colleagues
(2015) found that depression symptoms predicted difficulty initiating sleep but not vice
versa over seven assessments from early adolescence to early adulthood. Similar results
were reported also by Wang and colleagues (2016). Individuals with high levels of
internalizing problems at age 5 were more likely to follow a trajectory of troubled sleep
modelled from 5 to 14 years. However, the sleep trajectory did not predict internalizing
problems at age 17.
A small but growing number of studies examined whether sleep patterns in
childhood predicted later internalizing problems. Whalen and colleagues (2017) found
that parent-reported sleep problems in preschool children predicted anxiety and
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depression symptoms at age 9-13 years. Similarly, Gregory and O’Connor (2002)
reported that sleep problems at age 4 predicted internalizing problems 11 years later, at
the age 15. Armstrong, Ruttle, Klein, Essex, and Benca (2014) found that persistence of
insomnia in childhood (measured at 4.5 and 9 years) predicted depression at age 9 and
anxiety at age 18 after controlling for earlier mental health indicators. Lastly, Wong and
colleagues (2009) reported that sleep problems in childhood predicted developmental
trajectory of internalizing problems from childhood to adolescence. Two studies utilizing
a person-centered, latent trajectory modeling provided evidence that sleep problems at
initial time point predicted likelihood of following a trajectory characterized by high
levels of internalizing symptoms (Touchette et al., 2012) and that girls with high level of
internalizing problems were more likely to be troubled sleepers (Wang et al., 2016).
The Current Study
Previous research documented both concurrent and longitudinal relationships
between sleep functioning and internalizing problems in children and adolescents (Astill
et al., 2012; Gregory & Sadeh, 2016; Sadeh et al., 2014). Bidirectional relationships have
also been reported, suggesting somewhat stronger support for the direction from sleep
functioning to internalizing symptoms (Astill et al., 2012; Lovato & Gradisar, 2014). One
line of research focused specifically on testing childhood sleep functioning as a predictor
of adolescent internalizing problems (Armstrong et al., 2014; Gregory & O’Connor,
2002; Meijer et al., 2010; Perfect et al., 2014; Shanahan et al., 2014; Wang et al., 2016;
Whalen et al., 2017). Examining whether childhood sleep predicts adolescent adjustment
is important for two main reasons. First, if childhood sleep problems might result in later
impairment, it is important to detect and treat sleep problems in a timely fashion (Astill et
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al., 2012). Second, sleep can serve as an early marker of later psychopathology and thus
may enable clinicians to identify at-risk individuals before more serious symptoms
develop (Sadeh et al., 2014).
Previous studies yielded important insights into the association between
childhood sleep functioning and later internalizing problems; however, three gaps in
research remain unaddressed. First, majority of studies (with the exception of Wang et
al., 2016; and Wong et al., 2009) did not test developmental trajectories of sleep
characteristics or adjustment as a predictor or outcome; thus, either sleep characteristics
and/or internalizing problems were assessed as mean levels only. Although appropriate,
such analytic strategy cannot answer a question whether change in sleep patterns over
time predicts internalizing problems. For example, it is plausible that sleep problems in
early childhood are less salient predictor of future internalizing problems than their
possible increase over time.
Second, the vast majority of studies tested sleep problems as a predictor of later
adjustment. Only one study tested the effect of sleep quantity (Meijer et al., 2010). The
possible effect of childhood chronotype on adolescent internalizing problems remains
unexamined. Third, many of the studies employed samples with a limited age range that
did not span entire period of childhood and adolescence (Meijer et al., 2010; Shanahan et
al., 2014) or utilized only a limited number of assessments (Armstrong et al., 2014;
Perfect et al., 2014).
The current investigation addresses all these gaps in research by: (a) testing
developmental change – as opposed to mean levels – in a variety of sleep characteristics,
namely sleep problems, sleep quantity, and chronotype as predictors of internalizing
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symptoms; (b) testing developmental change of internalizing problems, reported by both
adolescents and their mothers as outcomes; and (c) utilizing a large, longitudinal sample
spanning 16.5 years (age 1.5-18 years) with four assessments of sleep functioning (age
1.5 to 7 years) and three assessments of internalizing problems (age 11 to 18 years). The
time points selected to model developmental trajectories were selected so that: (a) sleep
functioning was modeled using all available time points during childhood (i.e., first
decade of life), (b) internalizing problems were modeled using all available time points
during adolescence (i.e., second decade of life), and (c) trajectories of sleep functioning
as predictors and internalizing problems as outcomes did not overlap in time.
Research Questions and Hypotheses
The purpose of this study was to test: (a) developmental course of sleep problems,
quantity, and chronotype in childhood, and (b) sleep characteristics in early childhood
(1.5 years) as well as their developmental trajectory (from 1.5 to 7 years) as predictors of
internalizing problems in adolescence (11 years) and of their developmental change
(from 11 to 18 years). Based on previous scholarship, the following six hypotheses were
formulated:
H 1: Sleep problems would decrease from 1.5 to 7 years.
H 2: Sleep quantity would decrease from 1.5 to 7 years.
H 3: Chronotype would shift towards greater eveningness from 1.5 to 7 years.
H 4: A higher initial level of sleep problems (1.5 years) and their developmental change
(from 1.5 to 7 years) would predict a higher initial level of internalizing symptoms (11
years) and their developmental changes (from 11 to 18 years).
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H 5: A lower initial level of sleep quantity (1.5 years) and its developmental change
(from 1.5 to 7 years) would predict a higher initial level of internalizing symptoms (11
years) and their developmental change (from 11 to 18 years).
H 6: Greater eveningness at initial level (1.5 years) and its developmental change (from
1.5 to 7 years) would predict a higher initial level of internalizing symptoms (11 years)
and their developmental change (from 11 to 18 years).
Method
Sample and Procedure
The current study employed the Czech portion of the European Longitudinal
Cohort Study of Pregnancy and Childhood (ELSPAC). Data collection commenced in
1991 and was focused on biological, psychosocial, economic and environmental
correlates and predictors of maternal and child health (Piler et al., 2017). Health records
about pregnancy and delivery from a total of 7,589 children born in two metropolitan
areas were collected between March 1, 1991 and June 30, 1992 (96% of all eligible
births). Questionnaire data were collected at birth (baseline) from N = 5,151 mothers and
N = 4,653 fathers. Follow-up assessments included medical examinations at 13
timepoints between prenatal period and 19 years of age, self-reported questionnaires from
mothers, their partners, children, and teachers (13 time points from prenatal period until
19 years, depending on the reporter; see Figure 1 in Piler et al., 2017, p. 1379b for details
about study assessment time points).
Approximately 50% of participants were retained in the study until age 11 while
about 20% of participants remained in the study until 19 years of age. Mothers of
participants who remained in the study until 19 years were more likely to be college
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educated than mothers at the baseline (19.1% vs 7.1%), less likely to be younger than 20
years at the time of birth than mothers at the baseline (6.5% vs 9.9%), and slightly less
likely to be single than mothers at the baseline (6.2% vs 8.9%). Lastly, the participants
with birthweight greater than 2,500 grams were slightly more likely to stay in the study
for the entire time of its duration (5.0% vs 4.4% at the baseline; Piler et al., 2017).
Measures
Sex. Sex was coded as male (1) or female (0).
Family socioeconomic status (SES). Family SES was assessed as a total family
income in Czech Crowns (CZK) per month at 1.5 years (T1).
Family structure. Family structure was coded as two biological parents (1) or
other (0) at T1.
Sleep problems. Sleep problems were assessed at four time points (1.5, 3, 5 and 7
years) by seven mother-reported items answered on a four-point Likert-type scale ranging
from this has never happened (0) to this happened and I was very worried about it (3).
The items part of the scale were mean averaged and coded so that higher score
represented greater sleep problems. The scale showed good internal consistency at all
time points (ɑ range = .69 to.79). See Appendix for the list of items. As the answering
scale pertained not only to the child’s sleep problems but also to maternal worry about
the problems, maternal internalizing symptoms were added as a control variable.
Sleep quantity. Sleep quantity was assessed at four time points (1.5, 3, 5 and 7
years) as mother-reported nighttime sleep hours. Nighttime sleep was computed from
bedtimes and wake-up times. At age 7, mothers reported bedtimes and wake-up times
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separately for weekends and weekdays. Thus, sleep quantity was computed separately for
weekends and weekdays, and then mean averaged.
Chronotype. Chronotype was assessed at four time points (1.5, 3, 5 and 7 years).
Midsleep point, a previously validated indicator of chronotype (Randler & Truc, 2014;
Werner, LeBourgeois, Geiger, & Jenni, 2009) was computed from mother-reported
bedtimes and wake-up times as a midpoint between these two values. Midsleep point at
age 7 was computed by mean averaging weekend and weekday midsleep. Midsleep was
represented by a linear variable created on a basis of military time, ranging from a value
of approximately 22.00 (= 10 pm) to 28.00 (= 4 am). Higher midsleep point (i.e., higher
value of chronotype) represented greater eveningness.
Internalizing problems. Internalizing problems were assessed at three time
points (11, 15, and 18 years) by five mother and self-reported items. Mothers and
adolescents answered the items using a four-point Likert-type scale ranging from never
true (0) to always true (3) at 11 years, and using a three-point Likert-type scale ranging
from false (0) to true (2) at 15 and 18 years. Linear transformation of answering scale at
age 11 was used to convert the four-point scale into a three-point one (IBM Support,
n.d.). The items part of the measure were mean averaged and coded so that higher score
represented greater internalizing problems. The scale showed good internal consistency
across all time points and both reporters (ɑ range = .64 to .82). See Appendix for the list
of items.
Maternal internalizing problems. Maternal internalizing problems were
assessed by the Edinburgh Postnatal Depression Scale (EPDS; Cox, Holden, & Sagovsky,
1987). Mothers answered ten self-reported items on a four-point Likert-type scale ranging
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from never (0) to most of the times (3) at T1. The items part of the scale were mean
averaged and coded so that higher score represented greater internalizing problems. The
scale showed an excellent internal consistency (ɑ = .85). See Appendix for the list of
items.
Analytic Procedure and Results
Only participants who provided answers at least at one time point during the
examined time period were included in the analytical sample (N = 4,393). Descriptive
statistics of the study variables are summarized in Table 1-1; bivariate correlations among
the variables can be found in Table 1-2. All bivariate correlations were in expected
direction. To handle missing data, the full information maximum likelihood (FIML)
feature in AMOS 23 (Arbuckle, 2014) was implemented. Hypotheses were tested via
Latent Growth Modeling (LGM). This analytic approach permits to test an average shape
of the developmental trajectory as well as associations between developmental
trajectories of multiple constructs (Duncan & Duncan, 2004).
Developmental Trajectories of Sleep Characteristics
To test developmental trajectories of sleep problems, sleep quantity, and
chronotype, three linear LGM models were specified first. Additionally, to assess
possible effects of demographic variables on the trajectories, sex, family SES, and family
structure were entered into the models in the second step. This procedure resulted in three
unconditional and three conditional (demographic variables added) LGM models. To
specify linear LGM models of sleep characteristics, paths from the intercept term to the
observed scores at each time point were fixed to 1; additionally, paths from the slope
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term to the observed scores were fixed to 0, 1.5, 3.5, and 5.5 to reflect the time intervals
between each assessment (as described for example by Little, 2013).
Unconditional and conditional model of sleep problems. The unconditional
linear model of sleep problems showed a good fit: χ2 (5) = 57.364, p < .001, CFI = .981,
RMSEA = .049 [90% CI = .038, .061], p close = .541). Findings provided evidence of
significant mean intercept factor (µi = 0.745, p < .001) and slope factor (µs = -0.053, p <
.001). Thus, the average level of sleep problems was 0.745 on a scale ranging from 0 to 3
at the initial time point at 1.5 years and the trajectory decreased linearly by -0.053 unit
per year. The intercept and slope factors were correlated r = -.647 (p < .001), suggesting
that higher initial level of sleep problems was associated with their greater decline over
time. Lastly, evidence of statistically significant variances (p < .001) in the intercept (Di =
.187) and slope (Ds = .004) factor was found.
The model fit remained close even after adding demographic variables into the
model: χ2 (11) = 66.872, p < .001, CFI = .981, RMSEA = .034 [90% CI = .026, .042], p
close = 1.000). Intercept (µi = 0.831, p < .001) and slope (µs = -0.059, p < .001) factors
were significant and in the same direction as in the unconditional model (Figure 1-1). The
intercept and slope factors were correlated r = -.645 (p < .001). Boys showed higher
initial level of sleep problems than girls (β = .049, p = .027) and their steeper decline over
time (β = -.094, p = .001). Similarly, children from two-parent families showed lower
initial level of sleep problems than children from other type of families (β = -.071, p =
.002) but the effect of family type on the slope factor did not reach statistical significance
(β = .052, p = .100). Family SES did not have significant influence on the trajectory of
sleep problems (Table 1-3).
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Unconditional and conditional model of sleep quantity. The unconditional
linear model of sleep problems showed a poor fit: χ2 (5) = 141.605, p < .001, CFI = .918,
RMSEA = .079 [90% CI = .068, .090], p close < .001). To assess whether the fit could be
improved by specifying a different shape of developmental trajectory, the model was
tested using: (a) an empirically estimated scaling of time resulting in a shape of the
trajectory derived from the data (Kenny, 2012), and (b) a quadratic LGM model. Neither
one of these solutions resulted in an improved fit, therefore the linear LGM model was
interpreted 1. Findings from the linear LGM model provided evidence of a significant
mean intercept factor (µi = 11.343, p < .001) and slope factor (µs = -0.112, p < .001).
Thus, the average level of hours slept per night was 11.343 at the initial time point at 1.5
years and the trajectory decreased linearly by -0.112 hours (approximately 7 minutes) per
year. The intercept and slope factors were correlated r = -.518 (p < .001), suggesting that
higher initial level of sleep quantity was associated its greater decline over time. Lastly,
evidence of statistically significant variances (p < .001) in the intercept (Di = .281) and
slope (Ds = .006) factor was found.
The model fit improved after adding demographic variables into the model: χ2
(11) = 154.392, p < .001, CFI = .927, RMSEA = .054 [90% CI = .047, .062], p close =
.157). Intercept (µi = 11.483, p < .001) and slope (µs = -0.107, p < .001) factors were
significant and in the same direction as in the unconditional model (Figure 1-1). The
intercept and slope factors were correlated r = -.522 (p < .001). Boys showed lower initial
level of sleep quantity than girls (β = -.059, p = .013) but the effect of sex on the slope

Model using empirically estimated scaling of time: χ2 (5) = 122.096, p < .001, CFI = .930, RMSEA = .073
[90% CI = .062, .085], p close < .001). Quadratic model: χ2 (1) = 65.965, p < .001, CFI = .961, RMSEA =
.122 [90% CI = .098, .147], p close < .001).
1
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factor did not reach statistical significance (β = -.007, p = .842). Family type and family
SES did not have a significant influence of the initial level and the trajectory of sleep
quantity (Table 1-3).
Unconditional and conditional model of chronotype. The unconditional linear
model of chronotype had a poor fit to the data: χ2 (5) = 218.992, p < .001, CFI = .895,
RMSEA = .099 [90% CI = .088, .110], p close < .001). To assess whether the fit could be
improved by specifying a different shape of developmental trajectory, the model was
tested using: (a) an empirically estimated scaling of time, and (b) a quadratic LGM
model. However, neither one of these solutions resulted in an improved fit, therefore the
linear LGM model was interpreted 2. Findings from the linear LGM model provided
evidence of a significant mean intercept factor (µi = 25.241, p < .001) and slope factor (µs
= 0.100, p < .001). Thus, the average midsleep point was 25.241 (approximately 1:15
AM) at the initial time point at 1.5 years, and the trajectory increased linearly by 0.100
hours (i.e., 6 minutes) per year. The intercept and slope factors were correlated r = -.628
(p < .001), suggesting that higher initial eveningness was associated its slower increase
over time. Lastly, evidence of statistically significant variances (p < .001) in the intercept
(Di = .156) and slope (Ds = .005) factor was found.
Model fit improved after adding demographic variables into the model: χ2 (11) =
238.871, p < .001, CFI = .903, RMSEA = .068 [90% CI = .061, .076], p close < .001).
The intercept (µi = 25.280, p < .001) and slope (µs = 0.098, p < .001) factors were
significant and in the same direction as in the unconditional model (Figure 1-1). The

Model using empirically estimated scaling of time: χ2 (5) = 215.912, p < .001, CFI = .896, RMSEA = .073
[90% CI = .062, .085], p close < .001). Quadratic model: χ2 (1) = 192.788, p < .001, CFI = .906, RMSEA =
.098 [90% CI = .087, .109], p close < .001).
2
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intercept and slope factors were correlated r = -.632 (p < .001). Boys had lower midsleep
point than girls (β = -.044, p = .042), but the effect of sex on the slope factor did not
reach statistical significance (β = .015, p = .568). Family SES did not significantly predict
initial midsleep point (β = .002, p = .949); however, higher SES significantly predicted a
greater shift towards eveningness (β = .099, p = .001). Family type did not have a
significant influence on the initial level or the trajectory of chronotype (Table 1-3).
Predictive Models of Sleep Characteristics and Internalizing Problems
First, unconditional linear LGM models of internalizing problems were tested,
separately by reporter (i.e., mothers and adolescents). Next, each sleep variable trajectory
was entered as a predictor of internalizing problems trajectory, again, separately by
reporter, resulting in total of six predictive (i.e., growth to growth) models. Specifically,
intercepts and slopes of sleep problems were regressed on intercepts and slopes of
internalizing problems (Figure 1-2). Control variables measured at 1.5 years, namely
maternal internalizing problems, sex, family SES, and family type were added as
predictors of intercept and slope of sleep variables.
Unconditional models of mother and adolescent-reported internalizing
problems. The unconditional linear model of mother-reported internalizing problems had
an excellent fit to the data: χ2 (1) = 0.644, p = .422, CFI = 1.000, RMSEA = .000 [90% CI
= .000, .037], p close = .994). Findings provided evidence of a significant mean intercept
factor (µi = 0.387, p < .001); however, the slope factor (µs = -0.002, p = .102) was not
statistically significant. Statistically significant variances (p < .001) in the intercept (Di =
.055) and slope (Ds = .001) factor were found. The results suggest that the average level
of mother-reported internalizing problems at 11 years was 0.387 on a scale ranging from
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0 to 2; however, their level did not significantly change from 11 to 18 years. As the slope
of mother-reported internalizing problems did not show significant growth over time,
sleep intercepts and slopes were estimated only as predictors of internalizing problems
intercept, not the slope in the predictive (i.e., growth to growth) models.
The unconditional linear model of adolescents-reported internalizing problems
had an excellent fit to the data: χ2 (1) = 0.885, p = .347, CFI = 1.000, RMSEA = .000
[90% CI = .000, .039], p close = .991). Findings provided evidence of a significant mean
intercept factor (µi = 0.598, p < .001) and slope factor (µs = 0.018, p < .001). Thus, the
average level of internalizing problems at 11 years was 0.598 on a scale ranging from 0
to 2, and the problems increased linearly by 0.018 points per year, based on adolescentreported data. The intercept and slope factors were correlated r = -.395 (p < .001),
suggesting that higher initial level of internalizing problems was associated their lower
increase over time. Lastly, evidence of statistically significant variances (p < .001) in the
intercept (Di = .076) and slope (Ds = .003) factor was found.
Predictive model of sleep problems and internalizing problems. The
predictive, growth to growth LGM model of sleep problems trajectory and motherreported internalizing problems trajectory had a good fit to the data: χ2 (36) = 214.461, p
< .001, CFI = .960, RMSEA = .034 [90% CI = .029, .038], p close = 1.000). Based on the
results, the intercept of the sleep problems trajectory predicted the intercept of
internalizing problems trajectory (β = .575, p < .001), suggesting that greater sleep
problems at 1.5 years predicted greater internalizing problems at 11 years of age.
Additionally, the slope of sleep problems trajectory predicted the intercept of
internalizing problems trajectory (β = .388, p < .001), suggesting that slower decrease in
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sleep problems from 1.5 to 7 years predicted greater internalizing problems at age 11
years. The effect of sleep trajectory on slope of the internalizing problems was not
estimated as the slope was not statistically significant. Regarding control variables,
higher maternal internalizing problems predicted higher initial level of sleep problems (β
= .305, p < .001) and their steeper decline over time (β = -.093, p = .003). Similarly, boys
had a higher initial level of sleep problems than girls (β = .048, p = .018) as well as their
steeper decline over time (β = -.114, p < .001). The effect of family type and SES on the
sleep problems trajectory was non-significant (Model 1, Table 1-4).
The predictive, growth to growth LGM model of sleep problems trajectory and
the adolescent-reported internalizing problems trajectory had acceptable fit to the data: χ2
(34) = 256.679, p < .001, CFI = .942, RMSEA = .039 [90% CI = .034, .043], p close =
1.000). Based on the results, the intercept of sleep problems trajectory predicted the
intercept of internalizing problems trajectory (β = .409, p < .001), suggesting that greater
sleep problems at 1.5 years predicted greater internalizing problems at 11 years.
Additionally, the slope of sleep problems trajectory predicted the intercept of
internalizing problems trajectory (β = .331, p < .001), suggesting that a slower decrease
in sleep problems from 1.5 to 7 years predicted greater internalizing problems at age 11
years. The effect of sleep problems trajectory on the slope of internalizing problems did
not reach statistical significance. Regarding control variables, higher maternal
internalizing problems predicted a higher initial level of sleep problems (β = .303, p <
.001) as well as their steeper decline over time (β = -.098, p = .002). Similarly, boys had a
higher initial level of sleep problems than girls (β = .058, p = .004) and their steeper
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decline over time (β = -.146, p < .001). The effect of family type and SES on the sleep
problems trajectory was non-significant (Model 2, Table 1-4).
Predictive model of sleep quantity and internalizing problems. The predictive,
growth to growth LGM model of sleep quantity trajectory and mother-reported
internalizing problems trajectory had poor fit to the data: χ2 (36) = 372.887, p < .001, CFI
= .885, RMSEA = .046 [90% CI = .042, .050], p close = .929). As some authors (e.g.
DeRoche, 2009; Kaplan & George, 1998) suggested that traditional fit indices might not
perform well in complex LGM models, I proceeded with interpretation of the model
estimates despite the suboptimal model fit. Based on the results, the intercept of sleep
quantity trajectory predicted intercept of internalizing problems trajectory (β = -.079, p =
.014), suggesting that a greater amount of nighttime sleep at 1.5 years predicted lower
internalizing problems at 11 years. The slope of the sleep quantity trajectory did not
significantly predict the intercept of internalizing problems trajectory. The effect of sleep
trajectory on the slope of the internalizing problems was not estimated. In this model,
higher maternal internalizing problems predicted lower sleep quantity at age 1.5 years (β
= -.085, p < .001); additionally, boys had a lower initial level of sleep quantity than girls
(β = -.052, p = .028; Model 3, Table 1-4).
The predictive, growth to growth LGM model of sleep quantity trajectory and
adolescent-reported internalizing problems trajectory had poor fit: χ2 (34) = 364.130, p <
.001, CFI = .867, RMSEA = .036 [90% CI = .033, .039], p close = 1.000). The sleep
quantity trajectory did not significantly predict the trajectory of adolescent-reported
internalizing problems. In this model, higher maternal internalizing problems predicted
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lower sleep quantity at age 1.5 years (β = -.064, p = .012); additionally, boys had lower
initial level of sleep quantity than girls (β = -.077, p = .001; Model 4, Table 1-4).
Predictive model of chronotype and internalizing problems. The predictive,
growth to growth LGM model of chronotype trajectory and mother-reported internalizing
problems trajectory had poor fit to the data: χ2 (36) = 460.903, p < .001, CFI = .870,
RMSEA = .052 [90% CI = .048, .056], p close = .230). The chronotype trajectory did not
significantly predict the trajectory of mother-reported internalizing problems. In this
model, higher family SES predicted a greater shift towards eveningness (β = .103, p <
.001); additionally, boys had greater morningness at 1.5 years than girls (β = -.045, p =
.039; Model 5, Table 1-4).
The predictive, growth to growth LGM model of chronotype trajectory and
adolescent-reported internalizing problems trajectory also had poor fit to the data: χ2 (34)
= 452.936, p < .001, CFI = .852, RMSEA = .053 [90% CI = .049, .057], p close = .126).
The chronotype trajectory did not significantly predict the trajectory of adolescentreported internalizing problems. In this model, higher maternal internalizing problems (β
= .055, p = .049) and higher family SES (β = .102, p < .001) predicted a greater shift
towards eveningness; additionally, boys had greater morningness at 1.5 years than girls
(β = -.046, p = .035; Model 6, Table 1-4).
Discussion
The aim of the current study was to test developmental trajectories of sleep
characteristics in childhood as predictors of internalizing problems in adolescence using a
sample from the European Longitudinal Study of Pregnancy and Childhood (ELSPAC;
Piler et al., 2017). Latent Growth Modeling (LGM) that enables to examine associations
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between developmental changes in constructs (Duncan & Duncan, 2004) was used to
examine the study hypotheses. Results provided support for hypotheses 1 – 3. In line with
previous literature (Gau & Soong, 2003; Gregory & O’Connor, 2002; Hirshkowitz et al.,
2015; Laberge et al., 2001), sleep problems and nighttime sleep quantity decreased from
1.5 – 7 years while chronotype shifted towards greater eveningness during this time
period. Linear LGM model of sleep problems fit the data well, suggesting that that linear
decrease represented the overall developmental trajectory of sleep problems reasonably
well. Linear LGM models of sleep quantity and chronotype had worse fit, particularly
when estimated as unconditional models. Modeling the trajectories as quadratic did not
substantially improved the model fit for both sleep characteristics; on the other hand,
adding demographic variables to the model lead to some improvement.
Several authors found considerable inter-individual variability in developmental
trajectories of sleep duration from childhood to adolescence (Magee et al, 2014; Seegers
et al., 2011; Touchette et al., 2007). Thus, it is plausible that the LGM models of sleep
quantity and chronotype had suboptimal fit because there might be subgroups of
individuals who differentiate in their growth and cannot thus be summarized by the
average developmental trajectory (Wright & Hallquist, 2014). Therefore, it may be
meaningful to examine the developmental patterns of sleep duration and particularly the
less-researched chronotype in a framework that allows to model multiple latent growth
trajectories, such as Growth Mixture Modeling (GMM; Wright & Hallquist, 2014).
Although testing developmental trajectories of internalizing problems during adolescence
was not a main focus of this study, it is worth noting the found differences in growth of
internalizing problems based on the reporter. Adolescents reported increasing rate of
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internalizing problems from 11 – 18 years while mother-reported data did not show
significant change over time. Although unexpected, this result is fully in line with
previous evidence of differences between adolescent and primary caregiver-reported data
(De Los Reyes & Kazdin, 2004).
Based on the predictive, growth to growth model of childhood sleep problems and
internalizing symptoms, the initial level of sleep problems (1.5 years) and their
developmental course (1.5 – 7 years) predicted initial level of internalizing symptoms (11
years) but not their developmental course (11 – 18 years). Thus, hypothesis 4 was
partially supported. The results provided evidence that higher level of sleep problems at
1.5 years predicted higher level of internalizing symptoms at 11 years. Additionally,
slower decline of sleep problems (i.e., their persisting over time) predicted higher level of
internalizing symptoms at 11 years.
The association between childhood sleep problems and adolescent internalizing
symptoms have been previously reported. Whalen and colleagues (2017) found that
parent-reported sleep problems in preschool predicted anxiety and depression symptoms
at age 9 – 13 years. Similarly, Gregory and O’Connor (2002) reported that sleep
problems at age 4 predicted internalizing problems 11 years later, at the age 15. Lastly,
Armstrong and colleagues (2014) found that persistence of insomnia in childhood
operationalized as presence of the symptoms at both 4.5 and 9 years predicted anxiety at
age 18. The current study corroborates results of this previous research; however, it also
adds an important piece of knowledge to the existing scholarship. As already suggested
by Armstrong and colleagues (2014), not only the mean level of sleep problems in
childhood can serve as a predictor of future internalizing problems but also the
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persistence of sleep problems is important to consider. The found association between the
developmental change in sleep problems and later internalizing symptoms supports this
assertion. Toddlers with high level of sleep problems showed higher level of internalizing
problems (both mother and self-reported) 9.5 years later; however, also children who
showed lower rate of developmentally normative decrease in sleep problems were at
greater risk for future internalizing problems. This finding has a significance for clinical
practice as it can provide guidance for identifying children vulnerable for internalizing
problems later in life.
Contrary to the expectations, trajectory of sleep problems did not predict the rate
of change in internalizing symptoms from 11 – 18 years. Wong and colleagues (2009),
utilizing LGM framework, reported that sleep problems in childhood predicted
developmental trajectory of internalizing problems from childhood to adolescence. It is
possible that in the current study the effect was not found because there was a lack of
change in the internalizing problems as indicated by the unconditional models of
internalizing symptoms. Based on the adolescent-reported data, the rate of change from
11 – 18 years was fairly small; furthermore, in the model with mother-reported data the
slope of internalizing problems was not even added as an outcome because the slope did
not show a significant growth in the unconditional model.
The results suggested an effect of some control variables on the sleep problems
trajectory. Mothers reported that boys had higher level of sleep problems at 1.5 years but
also their steeper decline over time. These results are mostly in line with previous studies
reporting sex differences in sleep problems and their trajectories (Sivertsen et al., 2014;
Wang et al., 2016). Additionally, maternal internalizing problems at the initial time point
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predicted higher level of sleep problems, similarly as it was found for example by Ystrom
and colleagues (2017), and their steeper decline over time. Higher level of sleep problems
(i.e., night awakenings) among boys and children of depressed mothers were reported
also by Weinraub and colleagues (2012). It is important to note that a part of the
associations between maternal mental health and child sleep problems might be also
explained by a shared method variance – both measures were reported by mothers.
Partial support was found for hypothesis 5. Only initial level of sleep quantity at
1.5 years predicted the initial level of mother-reported internalizing problems at 11 years;
higher sleep quantity was associated with lower level of internalizing symptoms. The
relationship was not found when internalizing symptoms were reported by adolescents.
Short sleep duration was found to longitudinally predict internalizing problems in
children (Astill et al., 2012; Mindell et al., 2017); however, research on the association
between childhood sleep quantity and adolescent internalizing symptoms is virtually nonexistent. Therefore, this study adds a new piece of evidence that short sleep in
toddlerhood predicted the level of internalizing problems 9.5 years later. However, this
finding needs to be confirmed in future studies as it was dependent on the source of
information – the results was non-significant when internalizing problems were reported
by adolescents.
Regarding control variables, maternal internalizing problems at first time point
were associated with lower sleep quantity at the initial assessment. Similar result was
reported by Caldwell and Redeker (2015) who found that stress in the mothers was
negatively related to preschool child’s sleep duration. Additionally, boys slept less hours
than girls at the initial timepoint. This finding may be related to worse overall sleep
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quality and more frequent awakenings reported in boys as compared to girls (Weinraub et
al., 2012).
The hypothesis 6 was not supported by the findings. Trajectory of chronotype in
childhood did not significantly predict trajectory of internalizing problems in
adolescence. This result might be unexpected given the number of studies reporting a
significant relationship between chronotype and internalizing problems (Giannotti et al.,
2002; Pabst, Negriff, Dorn, Susman, & Huang, 2009; Tzischinsky & Shochat, 2011).
However, most of the previous studies were cross-sectional and carried out in samples of
older children, adolescents, or adults. It is plausible that the effect of chronotype in
toddlerhood does not impact adjustment more than 10 years later. Although nonsignificant, this result provided one of the first tests of the relationship between childhood
chronotype and adolescent internalizing problems as the association have not been
sufficiently examined yet.
Some associations between control variables and chronotype trajectory were
found. First, boys showed greater morningness than girls at the initial time point. This
result somewhat contradicts previous findings which showed that men and boys were
more evening-oriented than women and girls (Díaz-Morales, 2015; Duarte et al., 2014).
Second, higher family income was associated with greater shift towards eveningness
during childhood. It is possible that factors associated with family wealth, such as
increased screen time due to availability of TV and computers might be related to later
bedtimes in children. Additionally, it is plausible that families with higher income can
afford a greater number of after-school activities for their children, thus resulting in
possible overscheduling of children and associated delayed bedtimes.
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Limitations and Future Directions
Despite its strengths, this study has several weaknesses that need to be discussed.
An important limitation includes study measurement of constructs. First, the assessment
of sleep was based on mother-reported data. Objective measurement of sleep duration,
efficiency, and midpoint of sleep, for example via actigraphy would contribute to the
validity of sleep measurement. Nelson and colleagues (2014) showed that parental reports
of children’s sleep overestimate nightly sleep duration by approximately 24 minutes.
Second, the scale that has been used to rate sleep problems in childhood was worded in a
way that it captured not only frequency of the children’s sleep problems but also worries
of their mothers about the children’s sleep problems. This issue was partially handled by
controlling for maternal internalizing problems that might affect their worries about the
child’s sleep. Third, a rating scale of internalizing problems at 11 years had to be
transformed to match response scales at ages 15 and 18. Thus, it is important to keep in
mind, namely that the results reflect potential biases related to inconsistent measurement
in addition to observed true effects between variables.
Additionally, as the entire data collection spanned more than 18 years, there has
been considerable attrition of the sample. Given that children of older, more educated
mothers were less likely to drop out from the study, the results need to be interpreted and
generalized with caution. Lastly, the data were collected more than 20 years ago (the first
wave of the data collection commenced in years 1991 – 1992). However, this study was
focused on the relationship between sleep functioning and adjustment, an association that
is not expected to be greatly affected by historical changes.

32

Future studies could build on the existing work in two main ways. First, given the
repeatedly found link between sleep problems and later internalizing symptoms, it would
be useful to examine mechanisms linking these two variables. Although several linkages
between sleep and internalizing problems have been identified (e.g., Bei, Wiley, Allen, &
Trinder, 2015; El-Sheikh & Arsiwalla, 2011), it is still unclear how childhood sleep
translates into adolescent adjustment, and to what extend are these pathways due to genetic
and/or environmental factors. Second, further research needs to be done in order to
understand the nature and direction of the relationship between chronotype and
internalizing problems. Although concurrent associations between eveningness and
maladjustment have been found (Tzischinsky & Shochat, 2011), the evidence for
longitudinal links from chronotype to adjustment is less convincing (Asarnow et al., 2014;
Tavernier & Willoughby, 2014). Future studies could examine the mechanisms through
which chronotype is associated with distant outcomes as well as stability of chronotype
across the lifespan.
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Tables and Figures
Table 1-1 Descriptive Statistics of Study Variables
Min/Max

Skewness

Kurtosis

α

0/1

--

--

--

0/50,400

3.69

32.70

--

-0.89

-0.62

--

0.45

0/1
0.00/2.50

.85

0.74

0.63

0.00/3.00

1.02

0.67

.79

3,660

0.68

0.56

0.00/3.00

1.07

1.07

.76

Sleep problems 5 yrs

3,591

0.56

0.51

0.00/3.00

1.24

1.63

.75

Sleep problems 7 yrs

3,291

0.45

0.42

0.00/3.00

1.53

3.43

.69

Sleep quantity 1.5 yrs

3,619

11.38

0.90

6.00/15.00

-0.39

2.08

--

Sleep quantity 3 yrs

3,642

11.09

0.87

6.00/15.00

-0.06

0.70

--

Sleep quantity 5 yrs

3,595

10.97

0.80

6.00/15.00

-0.01

1.26

--

Sleep quantity 7 yrs

3,282

10.72

0.61

6.17/13.50

-0.20

2.06

--

Chronotype 1.5 yrs

3,618

25.19

0.61

23.00/27.50

0.32

0.68

--

Chronotype 3 yrs

3,644

25.47

0.54

22.00/28.50

0.13

1.44

--

Chronotype 5 yrs

3,597

25.55

0.50

22.00/28.00

0.08

3.14

--

Chronotype 7 yrs

3,281

25.79

0.41

24.08/27.50

0.08

0.54

--

Internalizing by mother 11 yrs

2,541

0.39

0.31

0.00/1.87

0.95

1.07

.70

Internalizing by adolescent 11 yrs

2,524

0.60

0.37

0.00/2.00

0.61

0.49

.66

Internalizing by mother 15 yrs

1,697

0.37

0.35

0.00/2.00

1.15

1.41

.64

Internalizing by adolescent 15 yrs

1,635

0.67

0.48

0.00/2.00

0.57

-0.30

.71

Internalizing by mother 18 yrs

1,358

0.37

0.37

0.00/2.00

1.20

1.38

.66

625

0.72

0.46

0.00/2.00

0.48

-0.32

.66

N
4,389

Mean
--

3,318

6526.33

3,569

--

Maternal internalizing 1.5 yrs

3,619

0.63

Sleep problems 1.5 yrs

3,623

Sleep problems 3 yrs

Variable
Sexmale
Family SES 1.5 yrs
two-parent

Family type

1.5 yrs

Internalizing by adolescent 18 yrs

SD
-2976.82
--
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Table 1-2 Correlations among Study Variables
1.
1.Sexmale

--

2.Fam SES 1.5

.03

3.Fam two-parent 1.5

.04*

4.Maternal in. 1.5

-.01

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

.27***
-.09*** -.14***

5.Sleep probs 1.5

.04*

-.02

-.04*

6.Sleep probs 3

.02

-.03

-.05** .21*** .44***

7.Sleep probs 5

-.03

-.04*

-.06** .22*** .34*** .49***

8.Sleep probs 7

-.02

-.02

-.03

9.Sleep quant 1.5

-.04*

-.03

-.04* -.03

-.18*** -.06** -.01

10.Sleep quant 3

-.05** -.03

-.00

-.04*

-.08*** -.11*** -.11*** -.06**

11.Sleep quant 5

-.01

-.04

-.06** -.09*** -.07*** -.10*** -.06**

.22*** .39***

12.Sleep quant 7

-.06*** -.09*** -.03

-.05*

-.04*

-.03

.24*** .38*** .41***

13.Chrono 1.5

-.06** -.01

-.03

.01

.03

.01

.00

-.00

14. Chrono 3

-.01

.01

.01

-.01

.03

.01

.02

.03

15. Chrono 5

-.02

.07*** .01

.02

.03

.03

.03

.05**

.01

.02

.19*** .00

.30*** .41***

16. Chrono 7

-.03

.09*** -.01

.03

.03

.03

.05**

.05**

.04*

.04*

.03

-.03

.24*** .32*** .46***

17. In. mother 11

-.00

-.02

-.02

.18*** .14*** .22*** .23*** .23*** -.05* -.06** -.03

-.04

.02

.01

-.00

-.01

18. In. adol 11

-.12*** -.04

-.02

.11*** .07**

.15*** .13*** .15*** -.00

-.02

-.01

-.00

.00

.01

-.02

.02

.33***

19. In. mother 15

-.18*** -.06*

-.06*

.18*** .09*** .17*** .20*** .20*** -.00

-.03

-.01

.01

-.01

-.09

-.02

.02

.44*** .25***

20. In. adol 15

-.27*** -.03

-.07** .11*** .06*

.11*** .12*** .12*** .02

.01

.02

.04

.04

.01

.06*

.05*

.18*** .28*** .37***

21. In. mother 18

-.20*** -.01

-.04

.15*** .09**

.18*** .19*** .19*** -.01

.00

.01

.01

.03

-.01

-.02

.01

.36*** .23*** .48*** .32***

22. In. adol 18

-.22*** -.02

-.04

.06

.15*** .06

.04

.00

-.05

-.03

.04

-.01

-.03

-.03

.22***

.23*** .30*** .42*** .49***

.05

-.02

-.05** -.06**

.12**

.30***

.06*** .10*** .07*** .11***
-.01

.06

.08*** .04*

.04

.40***

Note. Fam = family; probs = problems; quant = quantity; chrono = chronotype; In. = internalizing problems; adol = adolescent. *p < .05 **p < .01 ***p < .001.
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.20*** .17*** .30*** .46*** .43***

Table 1-3 Results of Unconditional and Conditional LGM Models
Sleep problems

Sleep quantity

Chronotype

Intercept

Slope

Intercept

Slope

Intercept

Slope

Unconditional model

0.745***

-0.053***

11.343***

-0.112***

25.241***

0.100***

Conditional model

0.831***

-0.059***

11.483***

-0.107***

25.280***

0.098***

0.049*

-0.094**

-0.059*

-0.007

-0.044*

0.015

< 0.001

-0.037

-0.065

0.002

0.052

-0.035

0.027

-0.015

Sex male
Family SES

-0.013

Family type two-parent

-0.071***

0.099**
< 0.001

Note. Intercept and slope estimates are shown as mean levels and mean changes in the variables (highlighted in bold); predictive paths from demographic
variables to intercepts and slopes in conditional models are reported as standardized regression estimates. *p < .05 **p < .01 ***p < .001.
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Table 1-4 Results of Predictive, Growth to Growth LGM Models

Sleep problems
Intercept
Slope

Control variables
Maternal
internalizing
Sex male
Family SES
Family Type two-parent

Sleep quantity
Intercept
Slope

Control variables
Maternal
internalizing
Sex male
Family SES
Family Type two-parent

Model 1
Internalizing problems by
mother
Intercept
Slope

Model 2
Internalizing problems by
adolescent
Intercept
Slope

.575***
-.388***
-Sleep problems
Intercept
Slope

.409***
.053
.331***
.067
Sleep problems
Intercept
Slope

.305***
.048*
.004
-.034

-.093**
-.114***
-.012
.040

-.146***
-.012
.039

Model 4
Internalizing problems by
adolescent
Intercept
Slope

-.079*
-.020
-Sleep quantity
Intercept
Slope

-.014
.092
.021
-.130
Sleep quantity
Intercept
Slope

-.085***
-.052*
-.040
-.043

.026

-.064*

-.007

-.017
-.066
.026

-.077**
-.040
-.047

.024
-.066
.031

-.004
-.019

---

Chronotype
Intercept
Slope
Control variables
Maternal
internalizing
Sex male
Family SES
Family Type two-parent

.058**
.004
-.033

-.098**

Model 3
Internalizing problems by
mother
Intercept
Slope

Model 5
Internalizing problems by
mother
Intercept
Slope
Chronotype
Intercept
Slope

.303***

-.010

.051

-.077*
< .001
-.016

.024
.103***
.006

Model 6
Internalizing problems by
adolescent
Intercept
Slope
.021
.036

Chronotype
Intercept
Slope
-.012
-.046*
< .001
-.017

Note. Standardized regression estimates are shown. *p < .05 **p < .01 ***p < .001.
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.074
.008

.055*
.015
.103***
.007

Sleep Problems
1.0
0.8
0.6
0.4
0.2
0.0
1.5 yrs

3 yrs

5 yrs

7 yrs

Sleep Quantity - Night
11.6
11.4
11.2
11.0
10.8
10.6
1.5 yrs

3 yrs

5 yrs

7 yrs

Chronotype - Midsleep Point
26.0
25.8
25.6
25.4
25.2
25.0
1.5 yrs

3 yrs

5 yrs

7 yrs

Figure 1-1 Prototypic developmental trajectories of sleep characteristics (controlling for
sex, family type, and family socioeconomic status).
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Sleep
1.5 years
1

Internalizing
11 years

0
1

Sleep
3 years

1

Sleep
Intercept

Internalizing
Intercept

1.5

1
1

1
3.5

0
1

Sleep
5 years

5.5

Internalizing
15 years

4

Sleep
Slope

Internalizing
Slope

7

Internalizing
18 years
Sleep
7 years

Figure 1-2 Hypothesized, predictive LGM model of sleep characteristics and internalizing problems.
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STUDY II: CHILDHOOD SLEEP FUNCTIONING AS A DEVELOPMENTAL
PRECURSOR OF ADOLESCENT PROBLEM BEHAVIORS
Abstract
The aim of the current study was to test childhood sleep patterns (i.e., sleep
problems, sleep quantity, and chronotype) as predictors of problem behaviors in
adolescence. Latent Growth Modeling (LGM) in a sample from the European
Longitudinal Study of Pregnancy and Childhood (ELSPAC) was used to: (a) model
developmental changes of sleep characteristics (from 1.5 to 7 years) and problem
behaviors (from 11 to 18 years), and (b) to test the developmental trajectories of sleep
characteristics as predictors of problem behaviors trajectories. Results showed that sleep
problems and nighttime sleep quantity decreased from 1.5 to 7 years, while midsleep
point, an indicator of chronotype, shifted towards greater eveningness during this time
period. Findings from the predictive LGM models provided evidence that children with
higher level of sleep problems at 1.5 years and their lower decrease during childhood
showed higher level of problem behaviors at age 11. Furthermore, lower sleep quantity at
age 1.5 predicted higher problem behaviors in adolescence and their lower decrease from
11 to 18 years, but only when the problem behaviors were reported by mothers. Lastly,
greater eveningness at age 1.5 predicted greater increase of problem behaviors from 11 to
18 years when reported by adolescents. The results emphasize the importance of
childhood sleep functioning in evaluating the risk for future problem behaviors.
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Literature Review
Sleep functioning has been found to be both concurrently and longitudinally
associated with health and adjustment in children, adolescents, and adults (Astill et al.,
2012; Sadeh et al., 2014). However, more so than adults, children and adolescents
experiencing poor sleep often exhibit increased levels of problem behaviors, such as
hyperactivity, inattentiveness, and aggression (Sadeh et al., 2014; Shochat et al., 2014).
This might be due to an impact of poor sleep on self-regulation governed by prefrontal
cortex. As this brain area undergoes substantial developmental changes in childhood and
adolescence, self-regulation might be particularly vulnerable to negative influences of
poor sleep (Astill et al., 2012).
Based on a recent meta-analysis, sleep duration predicted externalizing problems
in children and early adolescents (Astill et al., 2012). Similarly, the authors of literature
reviews focused on the issue have reported evidence of associations between unfavorable
sleep patterns and externalizing problems in adolescents from variety of countries (e.g.,
USA, New Zealand, China; Gregory & Sadeh, 2016; Shochat et al., 2014). The examined
externalizing problems included higher risk taking, problem behaviors, and ADHD
symptoms (Cortese, Faraone, Konofal, & Lecendreux, 2009; Sadeh et al., 2014). Schlarb
and colleagues (2014) highlighted the importance of chronotype in predicting aggression
and antisocial behaviors – evening types were at greater risk. Previous research has
provided evidence which indicates that poor sleep translates into problem behaviors via
altered physiological functioning (Astill et al., 2012; Schlarb et al., 2014), via impaired
executive functioning (Meldrum et al., 2015; Peach & Gaultney, 2013), and via genetic
factors that explain both sleep problems and poor adjustment (Barclay et al., 2011).
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As adolescence is a period of vulnerability for development of problem and risky
behaviors (Broidy et al., 2003; Compas et al., 1995), it is important to understand
potential early risk factors in order to prevent and treat adolescent psychopathology.
Childhood sleep disturbances have been examined as precursors of adolescent problem
behaviors (Goodnight, Bates, Staples, Pettit, & Dodge, 2007; Wang et al., 2016; Wong et
al., 2009); however, most authors of these studies did not examine developmental
trajectories of sleep characteristics as predictors of later problem behaviors or they did
not test trajectory of problem behaviors as an outcome. Additionally, most of the studies
have been focused on sleep problems rather than on sleep quantity and chronotype or
utilized samples spanning a short time period.
This study builds upon the existing work in three important ways, namely (a) by
testing developmental changes of sleep problems and problem behaviors, rather than
utilizing their mean levels as predictors and outcomes, (b) by testing variety of childhood
sleep characteristics, including sleep problems, quantity, and chronotype as predictors of
problem behaviors in adolescence, and (c) by using a large longitudinal sample spanning
16.5 years. Developmental trajectories of sleep characteristics and problem behaviors
were modeled using Latent Growth Modeling (LGM) in a sample from the European
Longitudinal Study of Pregnancy and Childhood (ELSPAC; Piler et al., 2016).
Developmental Trajectories of Sleep Characteristics
Sleep patterns undergo substantial changes from early childhood to late
adolescence (Gregory & Sadeh, 2016; Wang et al., 2016). On average, sleep quantity
declines from 12-15 hours during both night and day in infants to 7-9 hours per night in
late adolescents (Hirshkowitz et al., 2015). However, previous research showed
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considerable inter-individual variability in sleep duration trajectories from childhood to
adolescence. Depending on the study, between 10.8% and 14.5% of the sample fell into
trajectories characterized by persistent or increasing short sleep (Magee et al., 2014;
Seegers et al., 2011; Touchette et al., 2007). Hayley and colleagues (2015) reported a
moderate stability of short sleep duration from ages 13 to 30.
Similarly, sleep problems were found to decline from early childhood to late
adolescence (Gregory & O’Connor, 2002), although individual differences in their
developmental course were found (Wang et al., 2016). The stability of sleep problems
was reported as high between ages 8 and 12 (Pesonen et al., 2014), but only moderate
when longer timespan was investigated (e.g., preschool to adolescence; Gregory &
O’Connor, 2002). Sivertsen and colleagues (2017) found that sleep problems persisted in
approximately one third of the sample during a 10-year period between ages 7-9 (N =
2,026). Lastly, from childhood to adolescence, chronotype shifted towards evening
preference (Gau & Soong, 2003; Laberge et al., 2001), largely due to biological changes
related to puberty (Carskadon et al., 1993).
Concurrent Associations between Sleep Patterns and Problem Behaviors
Cross-sectional studies provided evidence that unfavorable sleep operationalized
as sleep problems, lack of sleep, and evening chronotype were associated with higher
levels of problem behaviors (aggression, irritability, hyperactivity, and delinquency) in
children and adolescents (Astill et al., 2012; Schlarb et al., 2014; Shochat et al., 2014).
Sleep problems were related to higher externalizing problems in children based on both
parental (Reid et al., 2009) and teacher reports (Paavonen et al., 2009). More specifically,
sleep problems were associated with higher irritability and aggression (Rubens et al.,

43

2016), and hyperactivity and conduct problems when sleep problems were
operationalized as bedtime resistance (Carvalho Bos et al., 2009). Additionally, short
sleep duration was associated with a range of problem behaviors in children (Pesonen et
al., 2010; Scharf, Demmer, Silver, & Stein, 2013). Some authors found quadratic
association between sleep duration and problem behaviors (James & Hale, 2017; Rubens
et al., 2016). Lastly, longer sleep duration on weekends that might indicate accumulation
of sleep debt from weekdays, was associated with hyperactivity (Carvalho Bos et al.,
2009).
Similar results were found also in samples of adolescents. Insomnia, tiredness and
short sleep were associated with problem behaviors and aggression (Coulombe, Reid,
Boyle, & Racine, 2011; Liu & Zhou, 2002). A considerable amount of research interest
has been focused on the relationship between evening preference and problem behaviors;
majority of the studies focused on this issue found support for this link (Gelbmann et al.,
2012; Goldstein, Hahn, Hasher, Wiprzycka, & Zelazo, 2007; Lange & Randler, 2011).
Longitudinal Associations between Sleep Patterns and Problem Behaviors
Some authors examined the relationship between sleep functioning and problem
behaviors using prospective or longitudinal designs. Shorter sleep duration and sleep
latency were found to predict later externalizing problems in toddlers (Mindell et al.,
2017); additionally, persistence of sleep problems from kindergarten to school age
predicted later externalizing and attention problems (Simola, Liukkonen, Pitkäranta,
Pirinen, & Aronen, 2014). Similarly, later bedtimes and wake up times (indicators of
evening chronotype) and bedtime irregularity in 2 years olds predicted attention and
aggression problems six years later (Kobayashi et al., 2015). Related to attention
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problems, Scott and colleagues (2013) concluded that children diagnosed with ADHD
slept for s shorter time (due to later bedtimes) and woke up more often than their peers
without the diagnosis.
Not all authors found a clear link between sleep functioning and later
externalizing problems. Kouros and El-Sheikh (2015) reported effects of sleep efficiency
and latency assessed over seven days via actigraphy on later externalizing problems, but
only indirectly via daily mood disruption. Additionally, Sheridan and colleagues (2013)
did not find an evidence that behavioral problems at age 5 would be predicted by sleep
duration at 12 and 18 months; the authors reported only concurrent association between
sleep duration and behavioral problems at age 5. Lastly, Goodnight and colleagues (2007)
reported that sleep problem trajectories were positively associated with externalizing
behavior trajectories only in children high in temperamental resistance to control.
Some authors explicitly examined directionality of the relationship between sleep
and problem behaviors. In a large sample of children between ages 9-16, sleep problems
predicted later likelihood of oppositional defiant disorder (ODD) diagnosis; in turn, ODD
predicted increases in sleep problems over time (Shanahan et al., 2014). Bidirectional
relationships between poor sleep and problem behaviors were also found by Umlauf,
Bolland, and Lian (2011) in adolescents and by (Conway et al., 2017) in toddlers.
However, when sleep problems were operationalized as bedtime resistance, it was
externalizing problems that predicted later bedtime resistance, not vice versa (Conway et
al., 2017). Similarly, Touchette and colleagues (2009) concluded that the risk of short
sleep duration in highly hyperactive children is greater than the risk of developing
hyperactivity in short sleepers. In contrast, two studies found greater support for the sleep
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functioning as a predictor of problem behaviors than vice versa. Pieters and colleagues
(2015) reported that sleep problems predicted externalizing problems in early
adolescents, but the reverse relationship was not supported. Similarly, Kelly and ElSheikh (2014) found greater support for the links from sleep duration and quality to
externalizing problems rather than the opposite.
A growing body of research focused on examining whether childhood sleep
functioning predicted problem behaviors in adolescence. The authors of previous studies
reported that sleeping less than others as a child predicted greater likelihood of high
aggression in late adolescence (Gregory, Ende, Willis, & Verhulst, 2008) and that
persistence of insomnia in childhood predicted externalizing problems in adolescence as
well as sleep movement persistence predicted later ADHD scores (Armstrong et al.,
2014). Moreover, daytime sleepiness in school age (Perfect et al., 2014) as well as
general sleep problems (Gregory & O’Connor, 2002) predicted problem behaviors in
adolescence. Lastly, two studies utilized a developmental trajectory approach to test the
association between poor sleep and problem behaviors. Wang and colleagues (2016)
concluded that being a troubled sleeper in childhood was associated with higher
probability of having attention and aggression problems in mid-adolescence; furthermore,
sleep problems in childhood predicted initial level as well as development of
externalizing problems over time when modeled from kindergarten to mid adolescence
(Wong et al., 2009).
The Current Study
Authors of previous research have reported both concurrent and longitudinal
relationships between sleep functioning and problem behaviors in children and, to a
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lesser extent, in adolescents (Astill et al., 2012; Sadeh et al., 2014). An important line of
research examined whether poor sleep in childhood predicted problem behaviors in
adolescence (Armstrong et al., 2014; Gregory et al., 2008; Gregory & O’Connor, 2002;
Perfect et al., 2014; Wang et al., 2016; Wong et al., 2009). This scholarship is crucial for
two main reasons. First, if childhood sleep problems might result in later adjustment
problems, it is important to detect and treat sleep problems in a timely fashion to prevent
the problems (Astill et al., 2012). Second, poor sleep might serve as an early indicator of
psychopathology risk and thus may enable clinicians to identify potentially affected
individuals before more serious symptoms develop (Sadeh et al., 2014).
Previous scholarship has yielded important insights on the issue; however, several
gaps in research remain to be addressed. First, the majority of studies (with the exception
of Wang et al., 2016; and Wong et al., 2009) did not test developmental trajectories of
either sleep characteristics or problem behaviors as independent or dependent variables.
Thus, either sleep characteristics and/or problem behaviors were assessed as mean levels
only. Although appropriate, such an analytic strategy cannot answer a question whether
changes in sleep patterns over time predict problem behaviors. For example, it is
plausible that sleep problems in early childhood are less salient predictor of later problem
behaviors than their possible increase over time. Second, the majority of previous studies
tested sleep problems as a predictor of later adjustment. Only one study examined the
effect of sleep quantity (Gregory et al., 2008) and none examined the influence of
childhood chronotype on adolescent problem behaviors. Third, some of the studies
utilized only limited number of assessments, not spanning the entire period of childhood
and adolescence (Armstrong et al., 2014; Perfect et al., 2014).
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The current investigation addresses these gaps in research by: (a) testing
developmental change – as opposed to mean levels – in a variety of sleep characteristics,
namely sleep problems, sleep quantity, and chronotype as predictors of problem
behaviors; (b) testing developmental changes in problem behaviors, reported by both
adolescents and their mothers; and (c) utilizing a large, longitudinal sample spanning 16.5
years (age 1.5 to 18 years) with four assessments of sleep patterns (age 1.5 to 7 years)
and three assessments of problem behaviors (age 11 to 18 years). The time points used to
model developmental trajectories were selected so that: (a) sleep functioning was
modeled using all available time points during childhood (i.e., first decade of life), (b)
problem behaviors were modeled using all available time points during adolescence (i.e.,
second decade of life), and (c) trajectories of sleep functioning as predictors and problem
behaviors as outcomes did not overlap in time.
Research Questions and Hypotheses
The purpose of this study was to test: (a) developmental course of sleep problems,
quantity, and chronotype in childhood, and (b) sleep characteristics in early childhood
(1.5 years) as well as their developmental trajectory (from 1.5 to 7 years) as predictors of
problem behaviors in adolescence (11 years), and of their developmental change (from 11
to 18 years). Based on previous research, six hypotheses were formulated:
H 1: Sleep problems would decrease from 1.5 to 7 years.
H 2: Sleep quantity would decrease from 1.5 to 7 years.
H 3: Chronotype would shift towards greater eveningness from 1.5 to 7 years.
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H 4: Higher initial level of sleep problems (1.5 years) and their developmental change
(from 1.5 to 7 years) would predict higher initial level of problem behaviors (11 years)
and their developmental change (from 11 to 18 years).
H 5: Lower initial level of sleep quantity (1.5 years) and its developmental change (from
1.5 to 7 years) would predict higher initial level of problem behaviors (11 years) and their
developmental change (from 11 to 18 years).
H 6: Greater eveningness at initial level (1.5 years) and its developmental change (from
1.5 to 7 years) would predict higher initial level of problem behaviors (11 years) and their
developmental change (from 11 to 18 years).
Method
Sample and Procedure
The current study uses the Czech portion of the European Longitudinal Cohort
Study of Pregnancy and Childhood (ELSPAC). Data collection commenced in 1991 and
was focused on biological, psychosocial, economic and environmental correlates and
predictors of maternal and child health (Piler et al., 2017) . Health records about
pregnancy and delivery from a total of 7,589 children born in two metropolitan areas
were collected between March 1, 1991 and June 30, 1992 (96% of all eligible births).
Questionnaire data were collected at birth (baseline) from N = 5,151 mothers and N =
4,653 fathers. Follow-up assessments included medical examinations at 13 time points
between prenatal period and 19 years of age, self-reported questionnaires from mothers,
their partners, children, and teachers (13 time points from prenatal period until 19 years,
depending on the reporter; see Figure 1 in Piler et al., 2017, p. 1379b for details about
study assessment points).
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Approximately 50% of participants were retained in the study until age 11 while
about 20% of participants remained in the study until 19 years of age. Mothers of
participants who remained in the study until 19 years were more likely to be college
educated than mothers at the baseline (19.1% vs 7.1%), less likely to be younger than 20
years at the time of birth than mothers at the baseline (6.5% vs 9.9%), and slightly less
likely to be single than mothers at the baseline (6.2% vs 8.9%). Lastly, the participants
with birthweight greater than 2,500 grams were slightly more likely to stay in the study
for the entire time of its duration (5.0% vs 4.4% at the baseline; Piler et al., 2017).
Measures
Sex. Sex was coded as male (1) or female (0).
Family socioeconomic status (SES). Family SES was assessed as a total family
income in Czech Crowns (CZK) per month at 1.5 years (T1).
Family structure. Family structure was coded as two biological parents (1) or
other (0) at T1.
Sleep problems. Sleep problems were assessed at four time-points (1.5, 3, 5 and
7 years) by seven mother-reported items answered on four-point Likert-type scale
ranging from this has never happened (0) to this happened and I was very worried about
it (3). The items part of the scale were mean averaged and coded so that higher score
represented greater sleep problems. The scale showed good internal consistency at all
time points (ɑ range = .69 to.79). See Appendix for the list of items.
Sleep quantity. Sleep quantity was assessed at four time-points (1.5, 3, 5 and 7
years) as mother-reported nighttime sleep hours. Nighttime sleep was computed from
bedtimes and wake-up times. At age 7, mothers reported bedtimes and wake-up times
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separately for weekends and weekdays. Thus, sleep quantity was computed separately for
weekends and weekdays, and then mean averaged.
Chronotype. Chronotype was assessed at four time points (ages 1.5, 3, 5 and 7).
Midsleep point, a previously validated indicator of chronotype (Randler & Truc, 2014;
Werner et al., 2009) was computed from mother-reported bedtimes and wake-up times as
a midpoint between these two values. Midsleep point at age 7 was computed by
averaging weekend and weekday midsleep. Midsleep was represented by a linear variable
developed on the basis of military time, ranging from a value of approximately 22.00 (=
10 pm) to 28.00 (= 4 am). Higher midsleep point (i.e., higher value of chronotype)
represented greater eveningness.
Problem behaviors. Problem behaviors were assessed at three time-points (11,
15, and 18 years) by six mother, and self-reported items. Mothers and adolescents
answered the items using a four-point Likert-type scale ranging from never true (0) to
always true (3) at 11 years, and using a three-point Likert-type scale ranging from false
(0) to true (2) at 15 and 18 years. Linear transformation of answering scale at age 11 was
used to convert the four-point scale to a three-point one (IBM Support, n.d.). The items
part of the measure were mean averaged and coded so that higher score represented
greater problem behaviors. The scale showed good internal consistency across all time
points and reporters (ɑ range = .67 to .71). See Appendix for the list of items.
Maternal alcohol use. Maternal alcohol use was assessed by two self-reported
items at T1. The items were answered based on frequency of particular behaviors (see
Appendix for details). The items were standardized and then mean averaged. Items were
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coded so that higher score represented greater alcohol use. The two items were highly
correlated (r = .68).
Analytic Procedure and Results
Only participants who provided answers at least at one time point during the
examined time period were included in the analytical sample (N = 4,393). Descriptive
statistics of the study variables are summarized in Table 2-1; bivariate correlations among
the variables can be found in Table 2-2. All bivariate correlations were in expected
direction. To handle missing data, the full information maximum likelihood (FIML)
feature in AMOS 23 (Arbuckle, 2014) was implemented. Hypotheses were tested via
Latent Growth Modeling (LGM). This analytic approach permits to test an average shape
of the developmental trajectory as well as associations between developmental
trajectories of multiple constructs (Duncan & Duncan, 2004).
Developmental Trajectories of Sleep Characteristics
To test developmental trajectories of sleep problems, sleep quantity, and
chronotype, three linear LGM models were specified first. Additionally, to assess
possible effects of demographic variables on the trajectories, sex, family SES, and family
structure were entered into the models in the second step. This procedure resulted in three
unconditional and three conditional (demographic variables added) LGM models. To
specify linear LGM models of sleep characteristics, paths from the intercept term to the
observed scores at each time point were fixed to 1; additionally, paths from the slope
term to the observed scores were fixed to 0, 1.5, 3.5, and 5.5 to reflect the time intervals
between each assessment (as described for example by Little, 2013).
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Unconditional and conditional model of sleep problems. The unconditional
linear model of sleep problems showed a good fit: χ2 (5) = 57.364, p < .001, CFI = .981,
RMSEA = .049 [90% CI = .038, .061], p close = .541). Findings provided evidence of
significant mean intercept factor (µi = 0.745, p < .001) and slope factor (µs = -0.053, p <
.001). Thus, the average level of sleep problems was 0.745 on a scale ranging from 0 to 3
at the initial time point at 1.5 years and the trajectory decreased linearly by -0.053 unit
per year. The intercept and slope factors were correlated r = -.647 (p < .001), suggesting
that higher initial level of sleep problems was associated with their greater decline over
time. Lastly, evidence of statistically significant variances (p < .001) in the intercept (Di =
.187) and slope (Ds = .004) factor was found.
The model fit remained close even after adding demographic variables into the
model: χ2 (11) = 66.872, p < .001, CFI = .981, RMSEA = .034 [90% CI = .026, .042], p
close = 1.000). Intercept (µi = 0.831, p < .001) and slope (µs = -0.059, p < .001) factors
were significant and in the same direction as in the unconditional model (Figure 2-1). The
intercept and slope factors were correlated r = -.645 (p < .001). Boys showed higher
initial level of sleep problems than girls (β = .049, p = .027) and their steeper decline over
time (β = -.094, p = .001). Similarly, children from two-parent families showed lower
initial level of sleep problems than children from other type of families (β = -.071, p =
.002) but the effect of family type on the slope factor did not reach statistical significance
(β = .052, p = .100). Family SES did not have significant influence on the trajectory of
sleep problems (Table 2-3).
Unconditional and conditional model of sleep quantity. The unconditional
linear model of sleep problems showed a poor fit: χ2 (5) = 141.605, p < .001, CFI = .918,
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RMSEA = .079 [90% CI = .068, .090], p close < .001). To assess whether the fit could be
improved by specifying a different shape of developmental trajectory, the model was
tested using: (a) an empirically estimated scaling of time resulting in a shape of the
trajectory derived from the data (Kenny, 2012), and (b) a quadratic LGM model.
However, neither one of these solutions resulted in an improved fit, therefore the linear
LGM model was interpreted 3. Findings from the linear LGM model provided evidence of
a significant mean intercept factor (µi = 11.343, p < .001) and slope factor (µs = -0.112, p
< .001). Thus, the average level of hours slept per night was 11.343 at the initial time
point at 1.5 years and the trajectory decreased linearly by -0.112 hours (approximately 7
minutes) per year. The intercept and slope factors were correlated r = -.518 (p < .001),
suggesting that higher initial level of sleep quantity was associated its greater decline
over time. Lastly, evidence of statistically significant variances (p < .001) in the intercept
(Di = .281) and slope (Ds = .006) factor was found.
The model fit improved after adding demographic variables into the model: χ2
(11) = 154.392, p < .001, CFI = .927, RMSEA = .054 [90% CI = .047, .062], p close =
.157). Intercept (µi = 11.483, p < .001) and slope (µs = -0.107, p < .001) factors were
significant and in the same direction as in the unconditional model (Figure 2-1). The
intercept and slope factors were correlated r = -.522 (p < .001). Boys showed lower initial
level of sleep quantity than girls (β = -.059, p = .013) but the effect of sex on the slope
factor did not reach statistical significance (β = -.007, p = .842). Family type and family

Model using empirically estimated scaling of time: χ2 (5) = 122.096, p < .001, CFI = .930, RMSEA = .073
[90% CI = .062, .085], p close < .001). Quadratic model: χ2 (1) = 65.965, p < .001, CFI = .961, RMSEA =
.122 [90% CI = .098, .147], p close < .001).
3
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SES did not have a significant influence of the initial level and the trajectory of sleep
quantity (Table 2-3).
Unconditional and conditional model of chronotype. The unconditional linear
model of chronotype had a poor fit to the data: χ2 (5) = 218.992, p < .001, CFI = .895,
RMSEA = .099 [90% CI = .088, .110], p close < .001). To assess whether the fit could be
improved by specifying a different shape of developmental trajectory, the model was
tested using: (a) an empirically estimated scaling of time, and (b) a quadratic LGM
model. However, neither one of these solutions resulted in an improved fit, therefore the
linear LGM model was interpreted 4. Findings from the linear LGM model provided
evidence of a significant mean intercept factor (µi = 25.241, p < .001) and slope factor (µs
= 0.100, p < .001). Thus, the average midsleep point was 25.241 (approximately 1:15
AM) at the initial time point at 1.5 years, and the trajectory increased linearly by 0.100
hours (i.e., 6 minutes) per year. The intercept and slope factors were correlated r = -.628
(p < .001), suggesting that higher initial eveningness was associated its slower increase
over time. Lastly, evidence of statistically significant variances (p < .001) in the intercept
(Di = .156) and slope (Ds = .005) factor was found.
Model fit improved after adding demographic variables into the model: χ2 (11) =
238.871, p < .001, CFI = .903, RMSEA = .068 [90% CI = .061, .076], p close < .001).
The intercept (µi = 25.280, p < .001) and slope (µs = 0.098, p < .001) factors were
significant and in the same direction as in the unconditional model (Figure 2-1). The
intercept and slope factors were correlated r = -.632 (p < .001). Boys had lower midsleep

Model using empirically estimated scaling of time: χ2 (5) = 215.912, p < .001, CFI = .896, RMSEA = .073
[90% CI = .062, .085], p close < .001). Quadratic model: χ2 (1) = 192.788, p < .001, CFI = .906, RMSEA =
.098 [90% CI = .087, .109], p close < .001).
4
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point than girls (β = -.044, p = .042), but the effect of sex on the slope factor did not
reach statistical significance (β = .015, p = .568). Family SES did not significantly predict
initial midsleep point (β = .002, p = .949); however, higher SES significantly predicted a
greater shift towards eveningness (β = .099, p = .001). Family type did not have a
significant influence on the initial level or the trajectory of chronotype (Table 2-3).
Predictive Models of Sleep Characteristics and Problem Behaviors
First, unconditional linear LGM models of problem behaviors were tested,
separately by reporter (i.e., mothers and adolescents). Next, each sleep variable trajectory
was entered as a predictor of problem behaviors trajectory, again, separately by reporter,
resulting in a total of six predictive (i.e., growth to growth) models. Specifically,
intercepts and slopes of sleep problems were regressed on intercepts and slopes of
problem behaviors (Figure 2-2). Control variables measured at 1.5 years, namely
maternal alcohol use, sex, family SES, and family type were added as predictors of
intercept and slope of the sleep variables.
Unconditional models of mother and adolescent-reported problem behaviors.
The unconditional linear model of mother-reported problem behaviors had an excellent
fit to the data: χ2 (1) = 1.468, p = .226, CFI = .999, RMSEA = .010 [90% CI = .000, .043],
p close = .982). Findings provided evidence of a significant mean intercept factor (µi =
0.340, p < .001) and of a significant mean slope factor (µs = -0.018, p < .001). The
intercept and slope factors were correlated r = -.380 (p = .001), suggesting that higher
initial level of problem behaviors was associated their lower increase over time.
Statistically significant variances (p < .001) in the intercept (Di = .051) and slope (Ds =
.001) factor were found. The results suggested that the average level of mother-reported
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problem behaviors at 11 years was 0.340 on a scale ranging from 0 to 2 and that their
level decreased linearly by 0.018 points per year.
The unconditional linear model of adolescents-reported problem behaviors had an
excellent fit to the data: χ2 (1) = 0.035, p = .851, CFI = 1.000, RMSEA = .000 [90% CI =
.000, .022], p close = .999). Findings provided evidence of a significant mean intercept
factor (µi = 0.492, p < .001) and slope factor (µs = 0.004, p = .042). Thus, the average
level of problem behaviors at 11 years was 0.492 on a scale ranging from 0 to 2, and the
problems increased linearly by 0.004 points per year, based on adolescent-reported data.
The intercept and slope factors were not significantly correlated r = .096 (p = .729).
Lastly, evidence of statistically significant variances in the intercept (Di = .026; p = .003)
and slope (Ds = .002; p < .001) factor was found.
Predictive model of sleep problems and problem behaviors. The predictive,
growth to growth LGM model of sleep problems trajectory and mother-reported problem
behaviors trajectory had acceptable fit to the data: χ2 (34) = 248.959, p < .001, CFI = .948,
RMSEA = .038 [90% CI = .034, .042], p close = 1.000). Based on the results, the
intercept of the sleep problems trajectory predicted the intercept of problem behaviors
trajectory (β = .492, p < .001), suggesting that greater sleep problems at 1.5 years
predicted greater problem behaviors at 11 years of age. Additionally, the slope of sleep
problems trajectory predicted the intercept of problem behaviors trajectory (β = .297, p <
.001), suggesting that slower decrease in sleep problems from 1.5 to 7 years predicted
greater problem behaviors at age 11 years. The effect of sleep problems trajectory on the
slope of problem behaviors did not reach statistical significance. Regarding control
variables, higher maternal alcohol use predicted slower decline of sleep problems over
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time (β = .073, p = .003); its effect on the initial level of sleep problems was not
significant (β = .020, p = .353). Additionally, boys had a higher initial level of sleep
problems than girls (β = .049, p = .018) as well as their steeper decline over time (β = .081, p = .005). Lastly, children from two-parent families showed lower level of sleep
problems than children from other types of families at the initial time point (β = -.073, p
= .001). The effect of family type on the slope of sleep problems and the effect of SES on
the sleep problems trajectory were non-significant (Model 1, Table 2-4).
The predictive, growth to growth LGM model of the sleep problems trajectory
and the adolescent-reported problem behaviors trajectory had a good fit to the data: χ2
(34) = 159.222, p < .001, CFI = .963, RMSEA = .029 [90% CI = .025, .034], p close =
1.000). Based on the results, the intercept of sleep problems trajectory predicted the
intercept of problem behaviors trajectory (β = .506, p < .001), suggesting that greater
sleep problems at 1.5 years predicted greater problem behaviors at 11 years. Additionally,
the slope of sleep problems trajectory predicted the intercept of problem behaviors
trajectory (β = .249, p = .002), suggesting that a slower decrease in sleep problems from
1.5 to 7 years predicted greater problem behaviors at age 11 years. The effect of sleep
problems trajectory on the slope of problem behaviors did not reach statistical
significance.
Regarding control variables, higher maternal alcohol use predicted slower decline
of sleep problems over time (β = .073, p = .016); its effect on the initial level of sleep
problems was not significant (β = .020, p = .359). Additionally, boys had a higher initial
level of sleep problems than girls (β = .049, p = .018) as well as their steeper decline over
time (β = -.093, p = .001). Lastly, children from two-parent families showed lower level
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of sleep problems than children from other types of families at the initial time point (β = .071, p = .002). The effect of family type on the slope of sleep problems and the effect of
SES on the sleep problems trajectory were non-significant (Model 2, Table 2-4).
Predictive model of sleep quantity and problem behaviors. The predictive,
growth to growth LGM model of sleep quantity trajectory and mother-reported problem
behaviors trajectory had an acceptable fit to the data: χ2 (36) = 316.287, p < .001, CFI =
.903, RMSEA = .043 [90% CI = .039, .048], p close = .992). The intercept of sleep
quantity trajectory predicted both intercept (β = -.147, p < .001) and slope (β = .234, p <
.001) of problem behaviors trajectory. Thus, the results suggested that a greater amount
of nighttime sleep at 1.5 years predicted lower level of problem behaviors at 11 years and
their less steep decrease from ages 11 to 18. The slope of the sleep quantity trajectory did
not significantly predict the intercept and slope of problem behaviors trajectory. In this
model, higher maternal alcohol use predicted greater decrease in sleep quantity from 1.5
to 7 years (β = -.074, p = .036); additionally, boys had a lower initial level of sleep
quantity than girls (β = -.073, p = .002). The effect of additional control variables was
non-significant (Model 3, Table 2-4).
The predictive, growth to growth LGM model of sleep quantity trajectory and
adolescent-reported problem behaviors trajectory had an acceptable fit to the data: χ2 (34)
= 247.560, p < .001, CFI = .905, RMSEA = .029 [90% CI = .025, .032], p close = 1.000).
The sleep quantity trajectory did not significantly predict the trajectory of adolescentreported problem behaviors. In this model, higher maternal alcohol use predicted greater
decrease in sleep quantity from 1.5 to 7 years (β = -.074, p = .035); additionally, boys had
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a lower initial level of sleep quantity than girls (β = -.063, p = .008). The effect of
additional control variables was non-significant (Model 4, Table 2-4).
Predictive model of chronotype and problem behaviors. The predictive,
growth to growth LGM model of chronotype trajectory and mother-reported problem
behaviors trajectory had a poor fit to the data: χ2 (36) = 403.127, p < .001, CFI = .887,
RMSEA = .050 [90% CI = .045, .054], p close = .532). As some authors (e.g. DeRoche,
2009; Kaplan & George, 1998) suggested that traditional fit indices might not perform
well in complex LGM models, I proceeded with interpretation of the model estimates
despite the suboptimal model fit. The chronotype trajectory did not significantly predict
the trajectory of mother-reported problem behaviors. In this model, higher family SES (β
= .092, p = .002) and greater maternal alcohol use (β = .096, p < .001) predicted a greater
shift towards eveningness; additionally, boys had greater morningness at 1.5 years than
girls (β = -.044, p = .043; Model 5, Table 2-4).
The predictive, growth to growth LGM model of chronotype trajectory and
adolescent-reported problem behaviors trajectory also had a poor fit to the data: χ2 (34) =
452.936, p < .001, CFI = .852, RMSEA = .053 [90% CI = .049, .057], p close = .126).
Based on the results, the intercept of chronotype trajectory predicted the slope of
adolescent-reported problem behaviors trajectory (β = .151, p = .049), suggesting that a
greater evenigness at 1.5 years predicted higher increase in problem behaviors as reported
by adolescents from ages 11 to 18. The intercept of chronotype trajectory did not
significantly predict the intercept of problem behaviors; similarly, the slope of the
chronotype trajectory did not significantly predict the intercept and slope of problem
behaviors trajectory. In this model, higher family SES (β = .087, p = .004) and greater
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maternal alcohol use (β = .095, p < .001) predicted greater shift towards eveningness;
additionally, boys had greater morningness at 1.5 years than girls (β = -.049, p = .022;
Model 6, Table 2-4).
Discussion
The aim of the current investigation was to examine developmental trajectories of
childhood sleep characteristics as predictors of adolescent problem behaviors in a sample
from the European Longitudinal Study of Pregnancy and Childhood (ELSPAC; Piler et
al., 2017). Latent Growth Modeling (LGM) that enables to examine associations between
developmental changes in constructs (Duncan & Duncan, 2004) was used to test the
study hypotheses.
Results provided support for hypotheses 1 – 3. In line with previous literature
(Gau & Soong, 2003; Gregory & O’Connor, 2002; Hirshkowitz et al., 2015; Laberge et
al., 2001), sleep problems and nighttime sleep quantity decreased from 1.5 – 7 years
while chronotype shifted towards greater eveningness during this time period. Linear
LGM model of sleep problems fit the data well, suggesting that that linear decrease
represented the developmental trajectory of sleep problems in the sample reasonably
well. Linear LGM models of sleep quantity and chronotype had worse fit, particularly
when estimated as unconditional models. Modeling the trajectories as quadratic did not
substantially improved the model fit for both sleep characteristics; on the other hand,
adding demographic variables to the model lead to some improvement.
Several authors found considerable inter-individual variability in developmental
trajectories of sleep duration from childhood to adolescence (Magee et al., 2014; Seegers
et al., 2011; Touchette et al., 2007). Thus, it is plausible that the LGM models of sleep
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quantity and chronotype had suboptimal fit because there might be subgroups of
individuals who differentiate in their growth and cannot thus be summarized by the
average developmental trajectory (Wright & Hallquist, 2014). Therefore, it may be
meaningful to examine the developmental patterns of sleep duration and chronotype in a
framework that allows to model multiple latent growth trajectories, such as Growth
Mixture Modeling (GMM; Wright & Hallquist, 2014).
Although it was not a main focus of the study, it is worth noting that trajectories
of problem behaviors from 11 – 18 years differed based on the reporter. Adolescents
reported increasing rate of problem behaviors from 11 – 18 years while mother-reported
data showed a decreasing trajectory. Despite being unexpected, this result is fully in line
with previous evidence of differences between adolescent and primary caregiver-reported
data (De Los Reyes & Kazdin, 2004). As problem behaviors, including lying, stealing,
and fighting are not desirable, it is possible that differential reported rates of these
behaviors are related do adolescents’ reluctance to disclose them to their parents.
Based on a predictive, growth to growth model of childhood sleep problems
predicting adolescent problem behaviors, initial level of sleep problems (1.5 years) and
their developmental course (1.5 – 7 years) predicted initial level of problem behaviors (11
years) but not their developmental course (11 – 18 years) in both model with motherreported outcome and adolescent-reported outcome. Thus, hypothesis 4 was partially
supported. The results provided evidence that higher level of sleep problems at 1.5 years
predicted higher level of problem behaviors at 11 years. Additionally, slower decline of
sleep problems (i.e., their persisting over time) predicted higher level of problem
behaviors at 11 years. The association between childhood sleep problems and adolescent
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problem behaviors have been previously reported by some authors. Armstrong and
colleagues (2014) found that persistence of insomnia in childhood (assessed at 4.5 and 9
years) predicted externalizing problems in adolescence as well as sleep movement
persistence predicted later ADHD scores. Additionally, daytime sleepiness, an indicator
of troubled nighttime sleep in school age (Perfect et al., 2014) as well as general sleep
problems (Gregory & O’Connor, 2002) predicted problem behaviors in adolescence.
Lastly, based on Latent Class Trajectory approach, Wang and colleagues (2016)
concluded that being a troubled sleeper in childhood was associated with higher
probability of having attention and aggression problems in mid-adolescence.
The results did not show a significant effect of sleep problems trajectory on the
growth of problem behaviors. In contrast, Wong and colleagues (2009) reported that
sleep problems in childhood predicted initial level as well as development of
externalizing problems over time when modeled from kindergarten to mid adolescence
(Wong et al., 2009). It is possible that the non-significant effect of sleep problems on the
slope of problem behaviors was related to the small size of growth in problem behaviors
from 11-18 years as reported by both adolescents and their mothers. Results of the study
are largely in line with findings reported by other authors; however, they emphasized an
important finding not reported previously. Not only the mean level of sleep problems at
1.5 years predicted problem behaviors in adolescence but also their slower decrease (i.e.,
persistence) in childhood posed a greater risk for higher problem behaviors at 11 years.
The results showed some effect of control variables, specifically sex, maternal
alcohol use, and family type on the sleep problems trajectory. Mothers reported that boys
had higher level of sleep problems at 1.5 years but also their steeper decline over time.
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These results are mostly in line with previous studies reporting sex differences in sleep
problems and their trajectories (Sivertsen et al., 2014; Wang et al., 2016). Additionally,
children from two-parent families showed lower level of sleep problems at the initial time
point, similarly as reported by Troxel, Lee, Hall, and Matthews (2014). Lastly, maternal
alcohol use predicted slower decrease of sleep problems over time. In line with this
results, Colrain and Baker (2012) showed that history of parental alcoholism can alter
children’s sleep patterns.
Partial support was found for hypothesis 5. Higher sleep quantity at 1.5 years
predicted lower initial level of mother-reported problem behaviors (at 11 years) as well as
their slower decrease from 11 – 18 years. It is important to emphasize that these results
were found only in the model with mother-reported problem behaviors and not in the
model with adolescent-reported outcome. This is probably due to different shape of
problem behaviors trajectory based on mother and adolescent-reported data. Only one
study has focused on testing the association between sleep quantity in childhood and later
problem behaviors: Gregory and colleagues (2008) found that unusually short sleep
duration in childhood predicted greater likelihood of high aggression in late adolescence.
This study adds an important piece of evidence that not only sleep duration in childhood
predicts later problem behaviors but might also affect developmental course or
persistence of the problems over time.
Regarding control variables, maternal alcohol use at first time point was
associated with steeper decline of sleep quantity. Additionally, boys slept less hours than
girls at the initial time point. This finding may be related to worse overall sleep quality,
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more frequent awakenings, and more ADHD symptoms reported in boys as compared to
girls (Arnett, Pennington, Willcutt, DeFries, & Olson, 2015; Weinraub et al., 2012).
The hypothesis 6 was partially supported by the findings. Trajectory of
chronotype in childhood did not significantly predict trajectory of problem behaviors in
adolescence when the outcome was reported by mothers; however, in the model with
adolescent-reported outcome, greater eveningness at 1.5 years predicted greater increase
in problem behaviors in adolescence. Associations between chronotype and problem
behaviors have been reported by a number of authors (Schlarb et al., 2014); however,
predominantly in cross-sectional investigations. The current study provided one of the
first tests of the association between childhood chronotype and adolescent problem
behaviors, and it suggested that chronotype might play a role in developmental course of
problem behaviors later in life. This finding, interpreted together with the effects by sleep
problems and sleep quantity, has significance for clinical practice – childhood sleep
patterns characterized by short sleep, eveningness, and sleep problems, including their
persistence during childhood can serve as indicators of future problem behaviors.
Lastly, associations between some of the control variables and chronotype
trajectory were found. First, boys exhibited greater morningness than girls at the initial
time point. This result somewhat contradicts previous findings which showed that men
and boys were more evening-oriented than women and girls (Díaz-Morales, 2015; Duarte
et al., 2014). Second, higher family income was associated with greater shift towards
eveningness during childhood. It is possible that factors associated with family wealth,
such as increased screen time due to availability of TV and computers might be related to
later bedtimes in children. Additionally, it is plausible that families with higher income
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can afford a greater number of after-school activities for their children, resulting in both
overscheduling and delayed bedtimes. Third, higher maternal alcohol use was associated
with greater shift towards eveningness in children, potentially due to altered bedtime
routines or shared genetic background between the mother and child that links alcohol
use and eveningness (Barclay et al., 2011).
Limitations and Future Directions
Several limitations of the study need to be addressed. First, the assessment of
sleep was based on mother-reported data. Objective measurement of sleep duration,
efficiency, and midpoint of sleep, for example via actigraphy would contribute to the
validity of sleep measurement as Nelson and colleagues (2014) showed that parental
reports of children’s sleep overestimate nightly sleep duration by approximately 24
minutes. Second, scale that has been used to rate sleep problems in childhood was
worded in a way that it captured not only frequency of children’s sleep problems but also
worries of their mothers about children’s sleep problems. Third, the rating scale of
problem behaviors at 11 years had to be transformed to match response scales assessed at
ages 15 and 18. Thus, it is important to keep in mind that the results might reflect
potential biases related to inconsistent measurement in addition to the observed true
effects between the variables.
Additionally, as the entire data collection spanned more than 18 years, there has
been considerable attrition of the sample. Given that children of older, more educated
mothers were less likely to drop out from the study, the results need to be interpreted and
generalized with caution. Lastly, the data were collected more than 20 years ago (the first
wave of the data collection commenced in years 1991 – 1992). Although this needs to be
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considered while interpreting the data, the variables examined in this study are not
expected to be greatly affected by historical changes.
Future studies could build on the existing work in two main ways. First, given the
found links between sleep problems and later problem behaviors, it would be useful to
explore mechanisms behind this association. Correlates of this relationship have been
discussed (e.g. Shochat et al., 2014); however, how sleep functioning in childhood affects
problem behaviors much later in life is still not fully understood. Second, more studies
are needed to understand the less-researched associations between childhood sleep
quantity and chronotype and later problem behaviors as only one study has focused on
the issue so far.
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Tables and Figures
Table 2-1 Descriptive Statistics of Study Variables
Min/Max

Skewness

Kurtosis

α

0/1

--

--

--

0/50,400

3.69

32.70

--

-0.80

-0.77

--

0.89

0/1
-1.63/4.61

.68

0.74

0.63

0.00/3.00

1.02

0.67

.79

3,660

0.68

0.56

0.00/3.00

1.07

1.07

.76

Sleep problems 5 yrs

3,591

0.56

0.51

0.00/3.00

1.24

1.63

.75

Sleep problems 7 yrs

3,291

0.45

0.42

0.00/3.00

1.53

3.43

.69

Sleep quantity 1.5 yrs

3,619

11.38

0.90

6.00/15.00

-0.39

2.08

--

Sleep quantity 3 yrs

3,642

11.09

0.87

6.00/15.00

-0.06

0.70

--

Sleep quantity 5 yrs

3,595

10.97

0.80

6.00/15.00

-0.01

1.26

--

Sleep quantity 7 yrs

3,282

10.72

0.61

6.17/13.50

-0.20

2.06

--

Chronotype 1.5 yrs

3,618

25.19

0.61

23.00/27.50

0.32

0.68

--

Chronotype 3 yrs

3,644

25.47

0.54

22.00/28.50

0.13

1.44

--

Chronotype 5 yrs

3,597

25.55

0.50

22.00/28.00

0.08

3.14

--

Chronotype 7 yrs

3,281

25.79

0.41

24.08/27.50

0.08

0.54

--

Problem behaviors by mother 11 yrs

2,540

0.34

0.30

0.00/1.78

0.99

0.80

.71

Problem behaviors by adolescent 11 yrs

2,527

0.49

0.34

0.00/2.00

0.68

0.47

.67

Problem behaviors by mother 15 yrs

1,697

0.26

0.31

0.00/2.00

1.57

2.96

.68

Problem behaviors by adolescent 15 yrs

1,635

0.51

0.39

0.00/2.00

0.63

-0.15

.69

Problem behaviors by mother 18 yrs

1,358

0.21

0.29

0.00/1.83

1.85

4.21

.71

625

0.50

0.39

0.00/2.00

0.70

0.62

.68

N
4,389

Mean
--

Family SES 1.5 yrs

3,318

6526.33

two-parent

3,568

--

--

Maternal alcohol use 1.5 yrs

3,619

0.00

Sleep problems 1.5 yrs

3,623

Sleep problems 3 yrs

Variable
Sex

male

Family type

1.5 yrs

Problem behaviors by adolescent 18 yrs
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SD
-2976.82

Table 2-2 Correlations among Study Variables
1.
1.Sexmale

--

2.Fam SES 1.5

.03

3.Fam

two-parent

1.5

.04*

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

.27***

4.Maternal use 1.5

.01

5.Sleep probs 1.5

.04*

-.02

.10*** .01
-.04*

.00

6.Sleep probs 3

.02

-.03

-.05**

.04*

7.Sleep probs 5

-.03

-.04*

-.06**

.06** .34*** .49***

8.Sleep probs 7

-.02

-.02

-.03

.08** .30*** .42*** .49***

9.Sleep quant 1.5

-.04*

-.03

-.04*

.03

10.Sleep quant 3

-.05** -.03

-.00

-.03

-.08*** -.11*** -.11*** -.06**

.30***

11.Sleep quant 5

-.01

-.04

-.02

-.09*** -.07*** -.10*** -.06**

.22*** .39***

12.Sleep quant 7

-.06*** -.09*** -.03

-.04

-.04*

-.03

.24*** .38*** .41***

13.Chrono 1.5

-.06** -.01

-.02

.03

.01

14. Chrono 3

-.01

.01

.01

.00

.03

.01

.02

.03

15. Chrono 5

-.02

.07*** .01

.03

.03

.03

.03

.05**

.01

.02

.19*** .00

.30*** .41***

16. Chrono 7

-.03

.09*** -.01

.08*** .03

.03

.05**

.05**

.04*

.04*

.03

-.03

.24*** .32*** .46***

17. PB mother 11

-.00

-.02

-.02

.03

.14*** .22*** .23*** .23*** -.05* -.06** -.03

-.04

.02

.01

-.00

-.01

18. PB adol 11

-.12*** -.04

-.02

.00

.07**

19. PB mother 15

-.18*** -.06*

-.06*

-.03

20. PB adol 15

-.27*** -.03

-.07** -.03

21. PB mother 18

-.20*** -.01

-.04

-.02

22. PB adol 18

-.22*** -.02

-.04

-.04

-.03

-.03

.44***

-.18*** -.06** -.01

-.02

-.05** -.06**
.00

-.00

.06*** .10*** .07*** .11***
-.01

.08*** .04*

.04

.40***

.15*** .13*** .15*** -.00

-.02

-.01

-.00

.00

.01

-.02

.02

.33***

.09*** .17*** .20*** .20*** -.00

-.03

-.01

.01

-.01

-.09

-.02

.02

.44*** .25***

.06*

.11*** .12*** .12*** .02

.01

.02

.04

.04

.01

.06*

.05*

.18*** .28*** .37***

.09**

.18*** .19*** .19*** -.01

.00

.01

.01

.03

-.01

-.02

.01

.36*** .23*** .48*** .32***

.05

.15*** .06

.04

.00

-.05

-.03

.04

-.01

-.03

.12**

.06

Note. Fam = family; probs = problems; quant = quantity; chrono = chronotype; PB. = problem behaviors; adol = adolescent. *p < .05 **p < .01 ***p < .001.
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.20*** .17*** .30*** .46*** .43***

Table 2-3 Results of Unconditional and Conditional LGM Models
Sleep problems

Sleep quantity

Chronotype

Intercept

Slope

Intercept

Slope

Intercept

Slope

Unconditional model

0.745***

-0.053***

11.343***

-0.112***

25.241***

0.100***

Conditional model

0.831***

-0.059***

11.483***

-0.107***

25.280***

0.098***

0.049*

-0.094**

-0.059*

-0.007

-0.044*

0.015

< 0.001

-0.037

-0.065

0.002

0.099

0.052

-0.035

0.027

-0.015

< 0.001

Sex male
Family SES

-0.013

Family type two-parent

-0.071***

Note. Intercept and slope estimates are shown as mean levels and mean changes in the variables (highlighted in bold); predictive paths from demographic
variables to intercepts and slopes in conditional models are reported as standardized regression estimates. *p < .05 **p < .01 ***p < .001.

70

Table 2-4 Results of Predictive, Growth to Growth LGM Models

Sleep problems
Intercept
Slope

Control variables
Maternal alcohol use
Sex male
Family SES
Family Type two-parent

Model 1
Problem behaviors by mother
Intercept
Slope

Model 2
Problem behaviors by adolescent
Intercept
Slope

.492***
-.067
.297***
-.090
Sleep problems
Intercept
Slope

.506***
-.001
.249**
-.033
Sleep problems
Intercept
Slope

.020
.049*
-.017
-.073**

.073**
-.081**
-.009
.052

Model 3
Problem behaviors by mother
Intercept
Slope
Sleep quantity
Intercept
Slope

Control variables
Maternal alcohol use
Sex male
Family SES
Family Type two-parent

-.147***
.234***
-.032
.129
Sleep quantity
Intercept
Slope
.020
-.073**
-.038
-.030

-.047*
.009
-.061
.017

Model 5
Problem behaviors by mother
Intercept
Slope
Chronotype
Intercept
Slope

-.020
-.035

.009
-.054

Chronotype
Intercept
Slope
Control variables
Maternal alcohol use
Sex male
Family SES
Family Type two-parent

-.026
-.044*
.003
-.018

.096***
.014
.092**
.007

.020
.049*
-.015
-.071**

Model 4
Problem behaviors by adolescent
Intercept
Slope
-.015
.103
.030
.012
Sleep quantity
Intercept
Slope
.021
-.063**
-.039
-.035

-.074*
< .001
-.058
.024

Model 6
Problem behaviors by adolescent
Intercept
Slope
-.045
.064

.151*
.006

Chronotype
Intercept
Slope
-.026
-.049*
.005
-.016

Note. Standardized regression estimates are shown. *p < .05 **p < .01 ***p < .001.

71

.073*
-.093**
-.008
.055

.095***
.023
.087**
.001

Sleep Problems
1.0
0.8
0.6
0.4
0.2
0.0
1.5 yrs

3 yrs

5 yrs

7 yrs

Sleep Quantity - Night
11.6
11.4
11.2
11.0
10.8
10.6
1.5 yrs

3 yrs

5 yrs

7 yrs

Chronotype - Midsleep Point
26.0
25.8
25.6
25.4
25.2
25.0
1.5 yrs

3 yrs

5 yrs

7 yrs

Figure 2-1 Prototypic developmental trajectories of sleep characteristics (controlling for
sex, family type, and family socioeconomic status).
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Sleep
1.5 years
1

PB
11 years

0
1

Sleep
3 years

1

Sleep
Intercept

PB
Intercept

1.5

1
1

1
3.5

0
1

Sleep
5 years

5.5

PB
15 years

4

Sleep
Slope

PB
Slope

7

PB
18 years
Sleep
7 years

Figure 2-2 Hypothesized, predictive LGM model of sleep characteristics and problem behaviors (PB).
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STUDY III: SLEEP QUANTITY AND PROBLEMS AS MEDIATORS OF THE
EVENINGNESS-ADJUSTMENT LINK IN CHILDREN AND ADOLESCENTS
Abstract
The purpose of the current study was to test whether the repeatedly found
association between evening chronotype and maladjustment in children and adolescents
can be explained by unfavorable impact of eveningness on sleep functioning. Two halflongitudinal mediation models in a sample from the European Longitudinal Study of
Pregnancy and Childhood (ELSPAC; N = 3,485) were estimated to test this hypothesis.
The links from evening chronotype (predictor) to measures of internalizing problems and
problem behaviors (outcomes) via weekday sleep quantity, weekend sleep quantity, and
sleep problems (mediators) were estimated separately in a sample of children (7 years at
T1, 11 years at T2) and adolescents (15 years at T1, 18 years at T2). The results
suggested that evening chronotype longitudinally predicted less favorable sleep patterns,
including greater sleep problems and lower sleep quantity. However, only sleep problems
significantly predicted measures of adjustment, particularly internalizing problems; no
effect of sleep quantity on adjustment was found. Sleep problems significantly mediated
the relationship between eveningness and adjustment (internalizing problems and
problem behaviors) in children but not in adolescents. In conclusion, some support for the
hypothesized relationships was found; however, sleep quantity did not mediate the
eveningness-adjustment link and sleep problems did so only in children.
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Literature Review
Chronotype – also referred to as morningness/eveningness – denotes an individual
preference for sleeping at a particular time during a day or night; it is normally
distributed in population, with most individuals being intermediate types and a smaller
proportion showing markedly morning or evening preference (Crowley, 2013).
Chronotype shows intra-individual variability across the lifespan (Carskadon & Tarokh,
2013); however, there are also considerable inter-individual differences apparent already
in early childhood (Simpkin et al., 2014). Additionally, and importantly, individual
variability in chronotype was repeatedly found to be associated with variety of
adjustment indicators in children, adolescents, and adults; specifically, evening
preference was linked to adjustment difficulties, including higher levels of internalizing
and externalizing problems (Asarnow et al., 2014; Giannotti et al., 2002; Schlarb et al.,
2014).
Given the repeatedly found association between eveningness and maladjustment,
three candidate pathways mediating the link have been proposed (Schlarb et al., 2014):
(a) via impact on sleep functioning, (b) via altered physiological functioning, and (c) via
personality traits associated with eveningness. Moreover, variance in chronotype, sleep
functioning, and internalizing and externalizing problems have also been found to share a
common genetic basis (Barclay et al., 2011; Matamura et al., 2014). Understanding the
mechanisms linking chronotype and adjustment are important in order to focus
intervention efforts aimed at improving sleep functioning and adjustment difficulties in
children and adolescents.
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The current study examined one of the pathways potentially linking chronotype
and adjustment: the sleep functioning. Evening types have reported shorter sleep
duration, particularly on weekdays, greater subjective poor sleep, greater daytime
sleepiness, and more irregular sleep-wake schedule (Doi, Ishihara, & Uchiyama, 2015;
Gau et al., 2007; Gelbmann et al., 2012; Giannotti et al., 2002; Tzischinsky & Shochat,
2011). However, whether poor sleep explains the higher levels of adjustment difficulties
in evening types is unclear (Schlarb et al., 2014). Only two studies examined this
question, and both did so using cross-sectional samples that do not permit conclusions
about temporal ordering of the variables (Simor et al., 2015; van der Heijden, de
Sonneville, & Swaab, 2013). Additionally, none of these studies tested the hypothesis in
adolescents. The current study fills existing gaps in research in three ways: (a) by testing
the mediation hypothesis in both children and adolescents, specifically, by examining the
indirect effect of chronotype on adjustment via sleep functioning, (b) by employing a
half-longitudinal design that allows to control for prior levels of sleep functioning and
adjustment, and (c) by using a large sample from the European Longitudinal Study of
Pregnancy and Childhood (ELSPAC; Piler et al., 2016).
Concurrent Associations between Chronotype and Adjustment
Previous research has provided substantial support for the relationship between
eveningness and both internalizing and externalizing problems. In children 4-6 years old,
evening chronotype was associated with hyperactivity/inattention and conduct problems
(Doi et al., 2015). Similar findings have been made in studies focused on adolescent
samples. Evening preference was found to be associated with problem behaviors
(Gelbmann et al., 2012; Goldstein et al., 2007; Lange & Randler, 2011; Merikanto et al.,
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2017), hyperactivity/inattention (Giannotti et al., 2002; Lange & Randler, 2011;
Merikanto et al., 2017), and antisocial behaviors and aggression (Susman et al., 2007).
Eveningness was, however, found to also predict internalizing problems in
adolescents. Middle and high school students with evening preference reported higher
levels of depression (Pabst et al., 2009; Randler, 2011; Tzischinsky & Shochat, 2011),
anxiety (Pabst et al., 2009), suicidality (Gau et al., 2007), and general affective problems
(Giannotti et al., 2002; Merikanto et al., 2017). In an experiment performed by Dagys and
colleagues (2012), adolescents (10-16 years old) reporting either strong morning or
evening orientation were assessed with Positive and Negative Affect Schedule for
Children both well-rested and sleep deprived. All adolescents reported less positive affect
when sleep deprived; however, evening types reported less positive affect than morning
types when both rested and sleep deprived. Given these findings, it is perhaps
unsurprising that adolescents and young adults diagnosed with affective disorders
reported higher evening preference than healthy controls from the same age group (Fares
et al., 2015).
Longitudinal Associations between Chronotype and Adjustment
The vast majority of research focused on the chronotype-adjustment link was
based on cross-sectional investigation; only two studies have attempted to overcome this
limitation. Using National Longitudinal Study of Adolescent to Adult Health (Add
Health), Asarnow and colleagues (2014) found that late school year bedtime was
associated with worse educational outcomes and emotional distress 6-8 years later (Wave
II). Additionally, later summertime bedtime at Wave II predicted greater emotional
distress at Wave III. Interestingly, sleep duration did not longitudinally predict emotional
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distress. Using a person-centered approach in a two-year longitudinal study of young
adults, Tavernier and Willoughby (2014) concluded that evening types showed lower
intrapersonal adjustment than morning types only if they belonged to a group
characterized by poor sleep functioning. However, evening types, regardless of their
sleep problems, reported heightened alcohol use in comparison to morning types.
Mechanisms Linking Chronotype and Adjustment
Given the number of studies that found eveningness to be associated with
adjustment difficulties, it is important to understand the mechanisms by which
chronotype translates into psychosocial functioning. Schlarb and colleagues (2014)
suggested three main pathways that potentially mediate the relationship between
evenigness and maladjustment, namely: (a) via impact on sleep functioning, such as sleep
problems and quantity, (b) via altered physiological functioning, including functioning of
the HPA-axis, and (c) via personality traits associated with eveningness, such as high
sensation seeking.
First, cross-sectional studies provided evidence that evening types suffer more
than intermediate or morning types from poor sleep functioning, including shorter sleep
duration (Tzischinsky & Shochat, 2011), sleep problems (Giannotti et al., 2002; Short et
al., 2013), and irregular sleep-wake schedule (Doi et al., 2015) related to a weekend
compensation of sleep debt accumulated during weekdays (Gau et al., 2007; Gelbmann et
al., 2012; Randler & Vollmer, 2013). As the poor sleep was linked to both internalizing
and externalizing problems (Astill et al., 2012; Sadeh et al., 2014), some authors tested
whether it served as a mediator between chronotype and adjustment. In their crosssectional investigation of an adult sample, Simor and colleagues (2015) found that the
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association between eveningness and negative emotionality was partially mediated by
insomniac symptoms but not by circadian misalignment and daytime sleepiness.
Similarly, van der Heijden and colleagues (2013) reported that the link between
chronotype and behavioral problems in a sample of children was mediated by one sleep
problem variable, namely feeling rested upon waking up during weekdays.
Second, altered physiological functioning has been suggested as a possible link
between chronotype and adjustment (Schlarb et al., 2014). In a sample of young adults (N
= 208), the relationship between eveningness and depressive symptoms was found to be
mediated by Behavioral Activation System, namely by reward responsiveness (Hasler,
Allen, Sbarra, Bootzin, & Bernert, 2010). Similarly, Susman and colleagues (2007)
suggested that circadian cortisol secretion may be behind the association between
eveningness and externalizing problems in children.
Third, chronotype has been found to be associated with characteristics such as
sensation seeking and self-control, notoriously known to predict externalizing problems
(Hsu et al., 2012; Schlarb et al., 2014; Vazsonyi, Mikuška, & Kelley, 2017).
Additionally, some authors found that sleep functioning, commonly associated with
chronotype, predicted externalizing problems via lower self-control and higher sensation
seeking (Meldrum et al., 2015; Peach & Gaultney, 2013). Thus, self-control might serve
as a partial explanation of the chronotype-adjustment link.
Lastly, it is important to note that some proportion of the relationship between
sleep functioning and adjustment was found to be due to genetic factors (Barclay et al.,
2011). These factors, however, did not account for the link between sleep and adjustment
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fully (Barnes & Meldrum, 2015; Matamura et al., 2014), leaving some variance to be
explained by another variables.
The Current Study
A number of authors found a relationship between evening preference and
maladjustment in children and adolescents (Giannotti et al., 2002; Schlarb et al., 2014).
However, almost all of previous studies were cross-sectional, and therefore, unsuitable
for answering the question of temporal ordering of the variables and establishing
mediating pathways among sleep functioning and adjustment measures. Evening types
reported poorer sleep functioning than intermediate and morning types (Gelbmann et al.,
2012; Giannotti et al., 2002; Tzischinsky & Shochat, 2011); in addition, poor sleep was
linked to maladjustment (Astill et al., 2012; Sadeh et al., 2014). Thus, Schlarb and
colleagues (2014) hypothesized sleep quantity and problems as the most proximal
variables potentially mediating the chronotype-adjustment link. Nevertheless, this
assertion has not been sufficiently tested.
Some authors argued that worse adjustment in evening types can be explained
mainly by associated worse sleep functioning (Tavernier & Willoughby, 2014), while
others emphasized the role of chronotype as an independent predictor (Dagys et al.,
2012). Only two studies explicitly tested the direct and indirect links between chronotype,
sleep functioning, and adjustment, both of them cross-sectional (Simor et al., 2015; van
der Heijden et al., 2013). Although important, results of cross-sectional investigations
cannot contribute to a clarification of the temporal ordering of the variables. Additionally,
and importantly, neither study was carried out on adolescents, a group particularly
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susceptible to the development of sleep and adjustment difficulties (Broidy et al., 2003;
Carskadon et al., 1993; Graber, 2013).
The purpose of the current study was to address these gaps in the literature and to
examine sleep problems and quantity as mediators between chronotype and adjustment
(internalizing problems and problem behaviors) in both children and adolescents. The
research questions were tested in a large sample from the European Longitudinal Study
of Pregnancy and Childhood (ELSPAC; Piler et al., 2016) using a half-longitudinal
mediation test.
Research Questions and Hypotheses
The purpose of this study was to test: (a) direct effect of chronotype on sleep
quantity and problems, (b) direct effects of sleep quantity and problems on internalizing
problems and problem behaviors, and lastly (d) indirect effects of chronotype on
internalizing problems and problem behaviors via sleep quantity and problems. Based on
the previous research, five hypotheses were formulated; it was expected that:
H 1: Eveningness would predict lower sleep quantity and higher level of sleep problems.
H 2: Lower sleep quantity would predict higher level of internalizing problems and
problem behaviors.
H 3: Higher level of sleep problems would predict higher level of internalizing problems
and problem behaviors.
H 4: Eveningness would predict higher level of internalizing problems via lower sleep
quantity and higher level of sleep problems.
H 5: Eveningness would predict higher level of problem behaviors via lower sleep
quantity and higher level of sleep problems.
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Method
Sample and Procedure
The current study uses the Czech portion of the European Longitudinal Cohort
Study of Pregnancy and Childhood (ELSPAC). Data collection commenced in 1991 and
was focused on biological, psychosocial, economic and environmental correlates and
predictors of maternal and child health (Piler et al., 2017) . Health records about
pregnancy and delivery from a total of 7,589 children born in two metropolitan areas
were collected between March 1, 1991 and June 30, 1992 (96% of all eligible births).
Questionnaire data were collected at birth (baseline) from N = 5,151 mothers and N =
4,653 fathers. Follow-up assessments included medical examinations at 13 time points
between prenatal period and 19 years of age, self-reported questionnaires from mothers,
their partners, children, and teachers (13 time points from prenatal period until 19 years,
depending on the reporter; see Figure 1 in Piler et al., 2017, p. 1379b for details about
study assessment points).
Approximately 50% of participants were retained in the study until age 11 while
about 20% of participants remained in the study until 19 years of age. Mothers of
participants who remained in the study until 19 years were more likely to be college
educated than mothers at the baseline (19.1% vs 7.1%), less likely to be younger than 20
years at the time of birth than mothers at the baseline (6.5% vs 9.9%), and slightly less
likely to be single than mothers at the baseline (6.2% vs 8.9%). Lastly, the participants
with birthweight greater than 2,500 grams were slightly more likely to stay in the study
for the entire time of its duration (5.0% vs 4.4% at the baseline; Piler et al., 2017).
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For the purpose of the current study, data from four time points were used (7, 11,
15, and 18 years). Inconsistency in measurements of some focal constructs did not permit
to test the mediation effects with more than two time points per a model. Thus, halflongitudinal mediation models that allow to rigorously test mediation effects with two
time points only (Cole & Maxwell, 2003; Little, 2013) were employed. The hypotheses
were tested separately in early adolescents (7 years at T1, 11 years at T2) and late
adolescence (15 years at T1, 18 years at T2). See Analytic Procedure for details about the
models.
Measures
Sex. Sex was coded as male (1) or female (0).
Family socioeconomic status (SES). Family SES was assessed as total family
income per month at 7 and 15 years.
Family structure. Family structure was coded as two biological parents (1) or
other (0) at 7 and 15 years.
Sleep problems. Sleep problems were assessed at four time points (7, 11, 15, and
18 years). At ages 7 and 11, mothers answered seven items on four-point Likert-type
scale ranging from this has never happened (0) to this happened and I was very worried
about it (3). The items were mean averaged and coded so that higher score represented
greater sleep problems. The scales showed good internal consistency at both 7 and 11
years (ɑ = .68 and .69). At age 15 and 18, mothers indicated occurrence of five common
sleep problems using a yes (1) or no (0) scale. The measure was created as a sum of the
endorsed sleep problems. See Appendix for the list of items.
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Nighttime sleep quantity. Nighttime sleep quantity was assessed at four time
points (7, 11, 15, and 18 years) and was computed from mother-reported bedtimes and
wake-up times separately for weekends and weekdays.
Chronotype. Chronotype was assessed at four time points (7, 11, 15, and 18
years). Midsleep point, a previously validated indicator of chronotype (Randler & Truc,
2014; Werner et al., 2009) was computed from mother-reported bedtimes and wake-up
times as a midpoint between these two values. Midsleep was computed separately for
weekdays and weekends and then mean averaged. Midsleep was represented by a linear
variable developed on a basis of military time, ranging from a value of approximately
24.00 (= 12 am) to 29.00 (= 5 am). Higher midsleep point (i.e., higher value of
chronotype) represented greater eveningness.
Internalizing problems. Internalizing problems were assessed at four time points
(7, 11, 15, and 18 years) by five mother-reported items. Mothers answered the items
using a four-point Likert-type scale ranging from never true (0) to always true (3) at 11
years, and using a three-point Likert-type scale ranging from false (0) to true (2) at 7, 15,
and 18 years. Linear transformation of answering scale at age 11 was used to convert the
four-point scale into a three-point one (IBM Support, n.d.). The items were mean
averaged and coded so that higher score represented greater internalizing problems. The
scale showed good internal consistency at all four time points (ɑ range = .62 to .66). See
Appendix for the list of items.
Problem behaviors. Problem behaviors were assessed at four time points (7, 11,
15, and 18 years) by six mother-reported items. Mothers answered the items using a fourpoint Likert-type scale ranging from never true (0) to always true (3) at 11 years, and
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using a three-point Likert-type scale ranging from false (0) to true (2) at 7, 15, and 18
years. Linear transformation of answering scale at age 11 was used to convert the fourpoint scale into a three-point one (IBM Support, n.d.). The items were mean averaged and
coded so that higher score represented greater problem behaviors. The scale showed good
internal consistency at all four time points (ɑ range = .64 to .71). See Appendix for the
list of items.
Maternal internalizing problems. Maternal internalizing problems were
assessed by the Edinburgh Postnatal Depression Scale (EPDS; Cox, Holden, & Sagovsky,
1987). Mothers answered ten self-reported items rated on a four-point Likert-type scale
ranging from never (0) to most of the times (3) at child’s age 7 and 15. The items were
mean averaged and coded so that higher score represented greater internalizing problems.
The scale showed an excellent internal consistency at both time points (ɑ = .86 and .87).
See Appendix for the list of items.
Maternal alcohol use. Frequency and quantity of maternal alcohol use was
assessed by two self-reported items at child’s age 7 and 15 (see Appendix for details).
The items were standardized and then mean averaged. Items were coded so that higher
score represented greater alcohol use. The two items were correlated r = .68 at age 7 and
r = .48 at age 15.
Analytic Procedure
Only participants who provided answers at least at one time point during the
examined time period were included in the analytical sample (N = 3,485). The analysis
was conducted in two main steps. First, descriptive statistics and bivariate correlations
between the study variables were computed; second, a series of half-longitudinal
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mediation models was tested to examine the effect of chronotype on adjustment
(internalizing problem and problem behaviors) via sleep functioning (sleep quantity and
sleep problems).
Variables of interest were available at four time points (7, 11, 15, and 18 years);
however, the measurement of sleep problems used as one of the mediators, was changed
after the participants were 11 years old, rendering the data unsuitable for full longitudinal
mediation modeling. Thus, half-longitudinal mediation design that enables to assess
mediation effects using only two time points of data was employed. This procedure was
proposed by (Cole & Maxwell, 2003) as a rigorous mediation test that provides
considerable improvement to cross-sectional mediation, and that can be estimated with
two time points only. Half-longitudinal design allows to test an effect of independent
variable (measured at T1) on mediator measured at T2 (a path in the mediation model)
while controlling for prior level of mediator at T1. Additionally, the effect of mediator
measured at T1 on the outcome measured at T2 (b path in the mediation model) is
estimated while controlling for the previous level of the outcome measured at T1 (Figure
3-1). Statistical significance of the indirect effect is tested by computing the product of a
and b paths (i.e., a*b) and bootstrapping the effect in order to obtain confidence intervals
(Little, 2013).
As two pairs of time points were available, the hypothesized relationships were
tested when the participants were 7 years old at T1 and 11 years old at T2 (children), as
well as 8 years later, when the participant were 15 years old at T1 and 18 years old at T2
(adolescents) to gauge whether the tested relationships changed over time. As a result,
two-half longitudinal models were estimated. In each model, chronotype at T1 was
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entered as predictor, sleep problems, weekday sleep quantity, and weekend sleep quantity
were entered as mediators at T1 and T2; lastly, internalizing problems and problem
behaviors were entered as outcomes at T1 and T2 (Figure 3-2). Control variables,
measured at T1 (sex, family structure, family SES, maternal internalizing problems, and
maternal alcohol use) were added to the model as predictors of chronotype, sleep
functioning variables, and adjustment variables at T1. Sex, family structure, and family
SES were set to predict all of the above-mentioned variables while maternal internalizing
problems predicted all with the exception of problem behaviors and maternal alcohol use
predicted all with the exception of internalizing problems. Control variables, variables
measured at T1, and variables measured at T2 were intercorrelated in the analytical
model.
Variables were tested for multicollinearity via a series of linear regressions; the
results did not suggest problems with multicollinearity (Tolerance statistic < 1.00; VIF <
10.00). Additionally, to further assess whether complexity of the model and overlap
between the variables affected the estimated relationships, a series of twelve halflongitudinal models with each mediator and each outcome estimated in a separate model
was ran. Results from these models differed only slightly in magnitude of the effects and
not at all in terms of significance from the results obtained from the model where all
variables were tested simultaneously (Figure 3-2).
All variables were entered to the model as manifest variables. Missing data were
addressed by full information maximum likelihood (FIML) procedure. The statistical
significance of the indirect effects was estimated via bootstrapping with 5,000 resamples
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and confidence intervals of the results were obtained. Analyses were conducted in Mplus
8 (Muthén & Muthén, 1998-2017).
Results
Descriptive statistics of the study variables are summarized in Table 3-1; bivariate
correlations among the variables computed separately for models testing the associations
in children versus adolescents can be found in Table 3-2 and Table 3-3. All bivariate
correlations were in expected direction. However, it is worth noting the lack of
associations between chronotype and sleep quantity with adjustment variables.
Half-longitudinal Model in Children
The results suggested that greater eveningness at T1 significantly predicted
greater sleep problems at T2 (β = .042, p = .031), lower sleep quantity on weekdays at T2
(β = -.134, p < .001), and higher sleep quantity on weekends at T2 (β = .069, p = .001).
Furthermore, sleep problems at T1 significantly predicted both internalizing problems (β
= .088, p < .001) and problem behaviors (β = .067, p = .001) at T2. The effects of T1
weekday and weekend sleep quantity on T2 internalizing problems and problem
behaviors did not reach statistical significance. All stability paths between the same
constructs measured at T1 and T2 were significant. Tests of magnitude and significance
of the indirect effects revealed statistically significant indirect effects of chronotype on
both internalizing problems (B = .0024, 95% CI [.0004, .0056]) and problem behaviors
(B = .0018, 95% CI [.0003, .0043]) via sleep problems. The remaining indirect effects did
not reach statistical significance (Table 3-4).
Findings showed some effects by control variables. Higher family SES predicted
greater eveningness (β = .063, p = .002), lower weekend sleep quantity (β = -.062, p =
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.001), and lower level of both internalizing problems (β = -.051, p = .004) and problem
behaviors (β = -.046, p = .011). In comparison to girls, boys showed lower weekend sleep
quantity (β = -.091, p < .001), and higher level of problem behaviors (β = .171, p < .001).
Children from two-parent families, in comparison to children from other family types,
showed lower weekday sleep quantity (β = -.045, p = .012), lower weekend sleep
quantity (β = -.040, p = .036) and lower level of problem behaviors (β = -.073, p < .001).
Lastly, maternal internalizing problems predicted greater eveningness (β = .061, p =
.001), greater sleep problems (β = .209, p < .001), lower weekday sleep duration (β = .060, p = .001), and higher level of internalizing problems (β = .211, p < .001) in
children. Similarly, maternal alcohol use predicted greater eveningness (β = .074, p <
.001), greater sleep problems (β = .042, p = .015), and higher level of problem behaviors
(β = .042, p = .017) in children (Table 3-5).
Tested model explained the following percentages of variance (R2) in the
outcomes: 16.4% (p < .001) in T2 sleep problems, 10.8% (p < .001) in T2 weekday sleep
quantity, 12.3% (p < .001) in T2 weekend sleep quantity, 20.3% (p < .001) in T2
internalizing problems, and lastly, 28.2% (p < .001) in T2 problem behaviors. For
correlations between the variables in the analytical models, see Table 3-6.
Half-longitudinal Model in Adolescents
Results suggested that greater eveningness at T1 significantly predicted lower
sleep quantity on both weekdays at T2 (β = -.083, p = .015) and weekends (β = -.067, p =
.049). Its effect on sleep problems did not reach statistical significance. Furthermore,
higher sleep problems at T1 significantly predicted internalizing problems (β = .093, p =
.004) at T2. The effect of sleep problems on problem behaviors was not statistically
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significant. Similarly, the effects of T1 weekday and weekend sleep quantity on T2
internalizing problems and problem behaviors did not reach statistical significance. All
stability paths between the same constructs measured at T1 and T2 were significant. Tests
of magnitude and statistical significance of the indirect effects did not reveal any
significant effects (Table 3-4).
Findings suggested some effects by control variables. In comparison to girls, boys
showed greater eveningness (β = .065, p = .008), lower level of sleep problems (β = .057, p = .014), higher weekday sleep quantity (β = .052, p = .031), lower weekend sleep
quantity (β = -.172, p < .001), lower level of internalizing problems (β = -.180, p < .001),
and higher level of problem behaviors (β = .050, p = .038). Adolescents from two-parent
families, in comparison to adolescents from other family types, showed greater
morningness (β = -.071, p = .003), and lower level of both internalizing problems (β = .061, p = .006) and problem behaviors (β = -.103, p < .001). Lastly, maternal internalizing
problems predicted greater sleep problems (β = .099, p = .001) and higher level of
internalizing problems (β = .103, p < .001) in adolescents. Similarly, maternal alcohol use
predicted greater eveningness (β = .123, p < .001) and higher level of problem behaviors
(β = .069, p = .004) in adolescents. No statistically significant effects by family SES were
found (Table 3-5).
The tested model explained the following amounts of variance (R2) in the
outcomes: 9.5% (p = .009) in T2 sleep problems, 14.7% (p < .001) in T2 weekday sleep
quantity, 18.3% (p < .001) in T2 weekend sleep quantity, 18.5% (p < .001) in T2
internalizing problems, and lastly, 23.6% (p < .001) in T2 problem behaviors. For
correlations between the variables in the analytical model, see Table 3-7.
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Discussion
The purpose of the current study was to test whether the repeatedly found
association between evening chronotype and maladjustment (e.g., Doi et al., 2015;
Gelbmann et al., 2012; Giannotti et al., 2002) is mediated via worse sleep functioning as
suggested by (Schlarb et al., 2014). The study hypotheses were tested in children and
adolescents part of the European Longitudinal Study of Pregnancy and Childhood
(ELSPAC; Piler et al., 2017) via two half-longitudinal models.
Results provided partial support for hypothesis 1. First, greater eveningness at T1
predicted greater sleep problems at T2 (as found for example by Giannotti et al., 2002
and Short et al., 2013 in cross-sectional samples). However, this effect was found only in
children, not in adolescents. This difference might be partially related to distinct
measurement of sleep problems in children versus adolescents. Second, both eveningoriented children and adolescents slept less hours per night on weekdays. However, while
eveningness in children predicted higher weekend sleep quantity, the relationship
between these two variables was negative in adolescents. Several authors noted that
evening chronotype was associated with lower weekday sleep quantity compensated by
higher sleep quantity on weekends (Tzischinsky & Shochat, 2011), resulting in an
irregular sleep-wake schedule (Doi et al., 2015; Gau et al., 2007). Thus, it might be
surprising that eveningness in adolescents did not predict higher sleep quantity on
weekends, while it did so in children, particularly given that evening chronotype and
weekend sleep quantity were positively correlated at age 15. Developmental changes
might be related to the difference between children and adolescents as particularly late

91

teens need to sleep less than younger children (Hirshkowitz et al., 2015) and thus might
be less prone to oversleep on weekends.
The results did not provide support for the hypothesis 2. Neither weekday nor
weekend sleep quantity predicted measures of internalizing problems and problem
behaviors in children and adolescents. Although previous studies found support for the
link between short sleep duration and higher internalizing and externalizing problems,
particularly in childhood (Astill et al., 2012), not all authors found the effect. For
example, in their longitudinal study Asarnow and colleagues (2014) did not find an effect
of sleep duration on later emotional adjustment. Thus, it is possible that although sleep
quantity and measures of adjustment are cross-sectionally correlated, the effect of sleep
duration might not always persist over time.
In contrast, results suggested some evidence for the effect of sleep problems on
adjustment difficulties, thus providing partial support for hypothesis 3. Sleep problems
predicted higher level of internalizing problems in both children and adolescents, in line
with a number of previous studies (Mindell et al., 2017; Perfect et al., 2014; Wong et al.,
2009). Additionally, sleep problems predicted problem behaviors in children (as reported
for example by (Simola et al., 2014), but not in adolescents. Again, this difference might
be related to developmental changes as children are in general more prone to show
behavioral difficulties when poorly rested than adults (the participants were 18 years old
at T2 in the adolescent sample; Sadeh et al., 2014; Shochat et al., 2014).
Hypotheses 4 and 5 were partially supported, namely the influence of evening
chronotype on greater level of internalizing problems and problem behaviors was
mediated via greater sleep problems in children. This effect, however, was not found in
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adolescents due to a lack of the association between eveningness and sleep problems in
this sample. Low sleep quantity did not mediate the association between chronotype and
adjustment in either children or adolescents. Based on the results, the found association
between eveningness and internalizing symptoms (Pabst et al., 2009; Randler, 2011;
Tzischinsky & Shochat, 2011) as well as problem behaviors (Gelbmann et al., 2012;
Merikanto et al., 2017; Susman et al., 2007) is at least partially due to influence of
chronotype on sleep functioning as hypothesized by (Schlarb et al., 2014). However, it is
important to emphasize that the indirect effect was very small in magnitude and was only
found in children.
Based on their cross-sectional investigations of the relationships in question,
Simor and colleagues (2015) found that the association between eveningness and
negative emotionality was partially mediated only by insomniac symptoms, not by
circadian misalignment and daytime sleepiness. Additionally, van der Heijden and
colleagues (2013) concluded that the link between chronotype and behavioral problems
in children was mediated only by one sleep problem variable, namely feeling rested upon
waking up during weekdays. These conclusions appear to be in line with the results of
this study. Although there is some evidence for mediating effects of sleep functioning on
the chronotype-adjustment link, the effects tend to be small, partial, or limited only to a
particular facet of sleep functioning, such as subjective sleep problems.
The results showed some effects by control variables on the measures of
chronotype, sleep problems and quantity, and adjustment. Higher family SES and twoparent family type served as protective factors as they were associated with lower levels
of internalizing problems and problem behaviors (as reported for example by Costello,
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Swendsen, Rose, & Dierker, 2008). Maternal internalizing problems were associated with
increased internalizing symptomatology in adolescents as well as with greater sleep
problems. Similarly, maternal alcohol use predicted greater eveningness in adolescents
and greater problem behaviors. These effects might be due to shared genetic factors
(Gagne, Spann, & Prater, 2013), influences of maternal depression and substance use on
parenting practices (Cummings, George, Koss, & Davies, 2013; Mares, LichtwarckAschoff, & Engels, 2013); however, the association might be at least partially related to a
common variance due to same reporter as sleep problems, internalizing problems, and
problem behaviors were mother-reported.
Children’s and adolescents’ sex predicted sleep functioning and adjustment in a
way that reflected developmental changes during puberty. While in children no effect of
sex on chronotype was found, adolescent boys showed greater eveningness than girls in
line with studies reporting association between male sex and eveningness in adults
(Duarte et al., 2014). Additionally, no effects of sex on sleep problems and internalizing
problems in childhood were found; however, in adolescence, girls showed greater level of
both sleep problems and internalizing problems as repeatedly showed in literature (Chow,
Homa, & Amersdorfer, 2017; Negriff & Susman, 2011; Nolen-Hoeksema, 2001). Lastly,
boys in both childhood and adolescence showed higher level of problem behaviors than
girls (as reported by for example by Huselid & Cooper, 1994; and Zahn-Waxler, 1993).
Limitations and Future Directions
Despite its strengths, the current study has several weaknesses that need to be
discussed. An important limitation is inconsistent measurement of the study constructs.
First, assessment of sleep was based on mother-reported data. Objective measurement of
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sleep duration, efficiency, and midpoint of sleep, for example via actigraphy would
contribute to the validity of sleep measurement as Nelson and colleagues (2014) showed
that parental reports of children’s sleep overestimate nightly sleep duration by
approximately 24 minutes. Second, the scale that was used to rate sleep problems in
childhood was worded in a way that captured not only the frequency of children’s sleep
problems, but also the worries of their mothers about children’s sleep problems. Third, a
rating scale of adjustment variables assessed at age 11 needed to be transformed to match
response scales at ages 7, 15 and, 18. Fourth, as all variables were reported by mothers,
some overlap between the measures caused by shared method variance cannot be ruled
out. Fifth, due to inconsistencies in measurement from childhood to adolescence, it was
not possible to directly compare the relationships between sleep and adjustment in child
versus adolescent sample. Thus, the observed differences in the associations might be
partially due to different measurement of the constructs, rather that due to developmental
factors.
Additionally, as the entire data collection spanned more than 18 years, there was
considerable attrition of the sample. Given that children of older, more educated mothers
were less likely to drop out from the study, the results need to be interpreted and
generalized with this in mind. Lastly, the data were collected more than 20 years ago (the
first wave of the data collection commenced in years 1991-1992). Although the examined
relationships are not expected to be greatly affected by historical changes, it is possible
that sleep functioning in children and adolescents today might be influenced by factors
not present 20 years ago (such as increased screen time).
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Future studies could build on the existing work in two main ways. First, it would
be useful to test alternative models of the associations between chronotype, sleep
functioning, and adjustment. Although, there exists support in the literature for the
direction from sleep functioning to adjustment (Astill et al., 2012), adjustment difficulties
may also lead to a compromised sleep. For example, Alvaro and colleagues (2017)
showed that depression longitudinally predicted symptoms of insomnia. Second, further
studies need to be carried out in order to understand mechanisms linking chronotype and
adjustment. Schlarb and colleagues (2014) proposed sleep functioning as the most
proximal explanation of the link. Results of this study as well as findings from previous
research (Simor et al., 2015; van der Heijden et al., 2013) provided some support for this
hypothesis. However, the mediating effect of sleep functioning were not strong and stable
across samples enough to serve as a conclusive explanation of the association between
chronotype and adjustment. Some proportion of the association between eveningness and
adjustment is due to genetic background (Barclay et al., 2011); however, genetic factors
do not explain the overlap fully. Thus, other hypotheses proposed to explain the link,
such as physiological functioning (Hasler et al., 2010; Susman et al., 2007) and selfregulation (Meldrum et al., 2015; Peach & Gaultney, 2013) would deserve an attention in
future studies.
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Tables and Figures
Table 3-1 Descriptive Statistics of Study Variables
N

Mean

Sexmale

Variable

3,483

--

SD

Family SES 7 yrs

2,824

Family typetwo-parent 7 yrs

3,294

--

Maternal internalizing 7 yrs

3,290

0.64

0.49

Maternal alcohol use 7 yrs

3,289

0.00

Chronotype 7 yrs

3,281

25.79

Sleep problems 7 yrs

3,291

Sleep problems 11 yrs
Weekday sleep quantity 7 yrs

Kurtosis

α

-39.49

--

Min/Max

Skewness

--

0/1

9,387.04

0/150,000

-4.30

--

0/1
0.00/2.80

--

--

--

1.00

0.86

.86

0.87

-1.51/5.41

0.67

0.83

--

0.41

24.08/27.50

0.08

0.54

--

0.45

0.42

0.00/3.00

1.53

3.43

.69

2,524

0.34

0.37

0.00/3.00

2.00

6.60

.68

3,274

10.66

0.60

7.00/13.83

-0.06

2.09

--

Weekend sleep quantity 7 yrs

3,261

10.79

0.81

6.00/14.00

0.01

0.93

--

Weekday sleep quantity 11 yrs

2,529

9.86

0.57

7.00/13.50

0.08

1.20

--

Weekend sleep quantity 11 yrs

2,535

10.30

0.84

7.00/15.93

0.23

1.13

--

Internalizing 7 yrs

3,241

0.38

0.36

0.00/2.00

1.03

0.96

.62

Internalizing 11 yrs

2,541

0.39

0.31

0.00/1.87

0.95

1.07

.70

Problem behaviors 7 yrs

3,240

0.42

0.35

0.00/2.00

0.83

0.56

.64

Problem behaviors 11 yrs

2,540

0.34

0.30

0.00/1.78

0.99

0.80

.71

Family SES 15 yrs

1,311

32,217.46

50,670.82

2,000/1,788,065

31.87

1,102.82

Family typetwo-parent 15 yrs

2,672

--

--

Maternal internalizing 15 yrs

1,694

0.97

0.49

Maternal alcohol use 15 yrs

1,419

-0.02

Chronotype 15 yrs

1,671

27.21

Sleep problems 15 yrs

1,689

Sleep problems 18 yrs

16,962.80

--

--

0/1
0.40/2.90

--

--

--

1.00

0.47

.87

0.82

-0.90/3.99

1.51

2.51

--

0.55

24.21/29.56

0.03

1.22

--

0.13

0.46

0.00/4.00

4.10

18.81

--

1,364

0.17

0.53

0.00/4.00

3.63

14.10

--

Weekday sleep quantity 15 yrs

1,668

8.70

0.72

5.00/11.50

-0.32

1.23

--

Weekend sleep quantity 15 yrs

1,660

10.32

1.03

6.00/14.37

-0.03

0.90

--

Weekday sleep quantity 18 yrs

1,262

8.10

0.71

5.50/11.00

0.03

0.15

--

Weekend sleep quantity 18 yrs

851

10.01

1.19

5.00/14.50

-0.15

1.01

--

Internalizing 15 yrs

1,697

0.37

0.35

0.00/2.00

1.15

1.41

.64

Internalizing 18 yrs

1,358

0.37

0.37

0.00/2.00

1.20

1.38

.66

Problem behaviors 15 yrs

1,697

0.26

0.31

0.00/2.00

1.57

2.96

.68

Problem behaviors 18 yrs

1,357

0.21

0.29

0.00/1.83

1.80

3.82

.71
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Table 3-2 Correlations among Study Variables – Children
1.
1.

Sexmale

2. Family SES 7

-.01

3. Family type two-parent 7

.04*

2.

3.

4.

5.

6.

-.08***

.02

.09***

-.00

.06**

6. Chronotype 7

-.03

.07**

.01

.05**

.08***

7. Sleep problems 7

-.02

-.02

-.03

.27***

.06**

.05**

8. Sleep problems 11

.01

.02

-.01

.19***

.04*

.06**

9. Weekday quantity 7

-.01

-.04*

-.05*

-.06***

10. Weekday quantity 11

-.09*** -.07***

5. Maternal alcohol use 7

11. Weekend quantity 7

.01

8.

9.

10.

11.

12.

13.

14.

15.

.21***

-.03

4. Maternal internal. 7

7.

-.10***

-.10***

.40***

-.02

-.14*** -.04**

-.07***

-.06** -.03

-.02

.06*** -.05**

-.07**

.44***

-.05*

-.06**

-.11*** -.18*** -.05*

-.08***

.34*** .26***

-.02

-.05*

-.08***

.22*** .39***

12. Weekend quantity 11

-.18*** -.07**

-.04

.08*** -.06**

.34***

13. Internalizing 7

-.01

-.07***

-.03

.23***

.04*

-.02

.33***

.23***

-.04*

-.02

-.02

-.04

14. Internalizing 11

-.00

-.02

-.02

.22***

.02

-.01

.23***

.26***

-.03

-.04

-.06**

-.05*

.45***

15. Problem behaviors 7

.17*** -.05**

-.07*** .24***

.05**

-.02

.29***

.23***

-.05** -.07*** -.04

-.06**

.34***

.23***

16. Problem behaviors 11

.21*** -.04

-.08*** .15***

.03

-.01

.21***

.25***

-.05*

-.10***

.16***

.35*** .55***

Note. * p < .05 ** p < .01 *** p < .001.
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-.05*

-.05*

Table 3-3 Correlations among Study Variables – Adolescents
1.
1.

Sexmale

2. Family SES 15

2.

3.

4.

5.

6.

7.

8.

9.

10.

.05*

.11***

4. Maternal internal. 15

.01

.02

-.07**

5. Maternal alcohol use 15

.00

.00

-.07**

6. Chronotype 15

.06*

-.02

7. Sleep problems 15

-.05*

-.01

.02

.12***

.01

.06*

8. Sleep problems 18

-.07*

-.01

-.00

.13***

-.02

.02

.06*

-.03

.03

.01

-.04

-.17*** -.03

-.04

.01

.00

.18*** -.02

-.03

.24***

-.06*

-.02

.03

-.19*** -.07*

-.05

.36***

.11***

.01

-.07*

-.07

-.01

-.05

.18***

.44***

10. Weekday quantity 18

12.

13.

14.

15.

--.02

3. Family type two-parent 15

9. Weekday quantity 15

11.

-.10**

.05

-.08** -.01

.12***

.30***

-.39*** -.08**

-.06*

11. Weekend quantity 15

.01

12. Weekend quantity 18

-.06

13. Internalizing 15

-.18*** -.02

-.08**

.23***

-.01

-.00

.20***

.21***

-.01

.05*

-.05

-.06

14. Internalizing 18

-.20***

-.09**

.22***

-.01

-.01

.15***

.29***

-.01

.02

-.07*

-.04

.48***

-.03

.02

-.01

.22***

15. Problem behaviors 15

.04

-.04

-.11*** .27***

.07*

.04

.10***

.12***

.03

.04

.01

-.05

.51***

.33***

16. Problem behaviors 18

.01

.02

-.11*** .21***

.04

-.04

.08**

.21***

.04

.03

-.04

-.03

.34***

.57*** .52***

Note. * p < .05 ** p < .01 *** p < .001.
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Table 3-4 Direct and Indirect Effects
Children (T1: 7 years; T2: 11 years)
Predictors

Outcomes
Sleep probs T2
.042*

Chronotype T1

Weekday Q T2
-.134***

Weekend Q T2
.069**

Internalizing T2
--

PB T2
--

Sleep problems T1

.401***

--

--

.067**

.088***

Weekday sleep quantity T1

--

.282***

--

.003

.017

Weekend sleep quantity T1

--

--

.341***

-.005

-.021

Internalizing problems T1

--

--

--

.415***

Problem behaviors T1

--

--

--

--

-.510***

Chronotype * Sleep problems

.0024 [.0004, .0056]

.0018 [.0003, .0043]

Chronotype * Weekday sleep quantity

-.0015 [-.0056, .0022]

-.0002 [-.0038, .0030]

Chronotype * Weekend sleep quantity

-.0001 [-.0037, .0008]

-.0002 [-.0028, .0018]

Predictors
Chronotype T1

Adolescents (T1: 15 years; T2: 18 years)
Outcomes
Sleep probs T2
.009

Weekday Q T2
-.083*

Weekend Q T2
-.067*

Internalizing T2
--

PB T2
--

Sleep problems T1

.307***

--

--

.093**

.042

Weekday sleep quantity T1

--

.343***

--

.007

.043

Weekend sleep quantity T1

--

--

.434***

.018

.012

Internalizing problems T1

--

--

--

.476***

--

Problem behaviors T1

--

--

--

--

.402***

.0006 [-.0038, .0050]

.0002 [-.0011, .0026]

Chronotype * Weekday sleep quantity

-.0004 [-.0044, .0026]

-.0018 [-.0059, .0001]

Chronotype * Weekend sleep quantity

-.0009 [-.0053, .0016]

-.0005 [-.0039, .0014]

Chronotype * Sleep problems

Note. Standardized estimates are shown for direct effects; unstandardized estimates are shown for indirect effects. * p < .05 ** p < .01 *** p < .001.
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Table 3-5 Effects by Controls Variables
Children (T1: 7 years; T2: 11 years)
Predictors
Chronotype T1 Sleep probs T1
Sexmale
Family SES T1
Family typetwo-parent T1
Maternal internalizing T1
Maternal alcohol use T1

-.035
.063**
.009
.061**
.074***

-.014
-.006
-.011
.209***
.042*

Weekday Q
T1
-.004
-.038
-.045*
-.060**
-.018

Outcomes
Weekend Q
T1
-.091***
-.062**
-.040*
-.028
-.015

Internalizing
T1
-.005
-.051**
-.007
.211***
--

PB T1
.171***
-.046*
-.073***
-.042*

Adolescents (T1: 15 years; T2: 18 years)
Predictors
Chronotype T1 Sleep probs T1
Sexmale
Family SES T1
Family typetwo-parent T1
Maternal internalizing T1
Maternal alcohol use T1

.065**
.025
-.071**
-.032
.123***

-.057*
-.015
.028
.099**
.014

Weekday Q
T1
.052*
.022
.016
.009
-.042

Note. Standardized estimates are shown. * p < .05 ** p < .01 *** p < .001.
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Outcomes
Weekend Q
T1
-.172***
.029
-.034
-.002
.000

Internalizing
T1
-.180***
-.012
-.061**
.103***
--

PB T1
.050*
.019
-.103***
-.069**

Table 3-6 Correlations among Variables in Analytical Model – Children
1.
1.

Sexmale

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

--

2. Family SES 7
3. Family type

2.

two-parent 7

4. Maternal internal. 7
5. Maternal alcohol use 7

.00

--

.04*

.21***

-.03

-.08***

.02

.09***

6. Chronotype 7
7. Sleep problems 7
8. Weekday quantity 7
9. Weekend quantity 7

--.10***
.00

-.06**
-.03

--

-.13*** -.03
.05*

-.05*

-.48***

--

10. Internalizing probs 7

-.03

.28*** -.03

-.02

11. Problem behaviors 7

-.03

.25*** -.03

-.06**

12. Sleep problems 11

-.31***
--

13. Weekday quantity 11

-.05*

14. Weekend quantity 11

-.06**

-.29***

--

15. Internalizing probs 11

.16*** -.06**

-.03

16. Problem behaviors 11

.15*** -.04

-.08*** .31***

Note. * p < .05 ** p < .01 *** p < .001.
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--

Table 3-7 Correlations among Variables in Analytical Model – Adolescents
1.
1.

Sexmale

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

--

2. Family SES 15
3. Family type

2.

two-parent 15

.02

--

.05*

.10***

--

4. Maternal internal. 15

.01

-.01

-.06*

--

5. Maternal alcohol use 15

.01

-.06*

-.07**

.06*

6. Chronotype 15
7. Sleep problems 15
8. Weekday quantity 15

-.06*

--

-.40*** -.08**

--

9. Weekend quantity 15

.18*** -.03

.25***

10. Internalizing probs 15

.01

.17***

.00

.02

11. Problem behaviors 15

.02

.09**

.04

.04

12. Sleep problems 18

--.51***
--

13. Weekday quantity 18

-.03

--

14. Weekend quantity 18

-.04

.18***

--

15. Internalizing probs 18

.22*** -.07*

-.04

--

16. Problem behaviors 18

.19*** -.08**

-.03

.50***

Note. * p < .05 ** p < .01 *** p < .001.
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Chronotype
T1
7 or 15 yrs
a

Sleep function
T1
7 or 15 yrs

Sleep function
T2
11 or 18 yrs
b

Adjustment
T1
7 or 15 yrs

Adjustment
T2
11 or 18 yrs

Figure 3-1 Hypothesized, half-longitudinal model of relationships between chronotype,
sleep functioning (sleep function), and adjustment.
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Predictor

Chronotype T1

Mediators
Outcomes

Sleep probs T1

Sleep probs T2

Weekday Q T1

Weekday Q T2

Weekend Q T1

Weekend Q T2

Internalizing T1

Internalizing T2

PB T1

PB T2

Figure 3-2 Analytical, half-longitudinal model of relationships between chronotype,
sleep problems (sleep probs), weekday sleep quantity (weekday Q), weekend sleep
quantity (weekend Q), internalizing problems (internalizing), and problem behaviors
(PB). Control variables and correlations were omitted from the model for clarity reasons.
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DISCUSSION AND CONCLUSION
The aim of this dissertation was to examine sleep functioning as a predictor of
adolescent adjustment in three interrelated studies. In Study 1, developmental trajectories
of sleep problems, quantity, and chronotype in childhood were tested as predictors of
developmental trajectories of internalizing problems in adolescence. Study 2 utilized the
same approach to provide an examination of the association between childhood sleep
functioning and problem behaviors in adolescence. Finally, in Study 3, it was tested
whether decreased sleep functioning – sleep problems and lack of sleep – mediated a link
between evening chronotype and worse adjustment, operationalized as higher level of
internalizing problems and problem behaviors. All study hypotheses were tested in a
sample from the European Longitudinal Study of Pregnancy and Childhood (ELSPAC).
Results of Study 1 and 2 provided evidence that greater sleep problems at 1.5
years and their slower decrease from 1.5 to 7 years predicted higher level of internalizing
problems and problem behaviors at age 11. This result was found when the outcomes
were both mother and adolescent-reported. Second, higher sleep quantity at age 1.5 years
predicted lower level of internalizing problems (Study 1) and problem behaviors (Study
2) at age 11, and slower decrease of problem behaviors from 11-18 years (Study 2) when
the outcomes were mother-reported. No effect of sleep quantity on adolescent-reported
outcomes was found. Lastly, the results did not suggest any statistically significant effects
of the developmental trajectory of chronotype (1.5-7 years) on the developmental
trajectory of internalizing problems (11-18 years, Study 1). In Study 2, chronotype at 1.5
years predicted greater increase in problem behaviors from 11 to 18 years when the
outcome was adolescent-reported.
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Results of the Study 3 provided some support for the hypothesis that
compromised sleep functioning explains the link between evening chronotype and greater
adjustment difficulties (as reported for example by (Asarnow et al., 2014; Giannotti et al.,
2002; Schlarb et al., 2014). However, this support was not unequivocal. Only sleep
problems were found to mediate the chronotype-adjustment link; furthermore, the effect
was small and found only in children, not adolescents. Although greater eveningness
predicted greater sleep problems and lower sleep quantity (consistent with Gelbmann et
al., 2012; Giannotti et al., 2002; Tzischinsky & Shochat, 2011), sleep functioning did not
necessarily translate into poorer adjustment. Neither weekday nor weekend sleep quantity
longitudinally predicted adjustment measures. Only sleep problems showed some
associations with internalizing problems (both in children and adolescents) and problem
behaviors (in children). In sum, results of the three studies provided evidence that: (a)
sleep patterns longitudinally predicted internalizing problems and problem behaviors, (b)
there were associations found not only between mean levels of sleep characteristics and
adjustment measures but also between their developmental trajectories, (c) sleep
problems were more salient predictor of future adjustment than sleep quantity and
chronotype, and (d) sleep problems, not sleep quantity, mediated the link between
eveningness and maladjustment but only in children.
A number of previous studies found longitudinal links between sleep problems
and later internalizing problems (Gregory & O’Connor, 2002; Mindell et al., 2017;
Perfect et al., 2014; Whalen et al., 2017), and problem behaviors (Armstrong et al., 2014;
Simola et al., 2014). The longitudinal effects were found in studies spanning several
months (Mindell et al., 2017) as well as ten years (Gregory & O’Connor, 2002). The
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results of both Study 1 and 2 corroborated these findings; however, they also provided an
important piece of new evidence. As developmental trajectory approach was scarcely
implemented in prior studies, it was unclear whether a change in sleep problems over
time, as opposed to their mean levels, predicted future adjustment. The results provided
evidence that children who showed lower developmentally normative decrease of sleep
problems exhibited higher level of internalizing problems and problem behaviors at age
11. This finding can contribute to identification of children at-risk for future adjustment
difficulties.
Some support was found also for the effect of childhood sleep quantity and
chronotype on future adjustment, although this support was less convincing than in the
case of sleep problems. This finding might be surprising given that authors of previous
studies found short sleep and later bedtimes (an indicator of evening chronotype) to
longitudinally predict internalizing problems and problem behaviors in children and
adolescents (Kobayashi et al., 2015; Mindell et al., 2017; Perfect et al., 2014; Wong et
al., 2011). However, only Gregory and colleagues (2008) focused on childhood sleep
quantity as predictor of adolescent maladjustment – the authors found that sleep quantity,
operationalized as sleeping less than others, predicted high aggression in late
adolescence. One possible explanation for the finding that sleep problems measure
emerged as more salient predictor than sleep quantity is that it captures some aspects of
short sleep better than simple bedtime and wake up time question. For example,
fragmented sleep that is both common in childhood as well as potentially problematic
(Schwichtenberg, Christ, Abel, & Poehlmann-Tynan, 2016) results in decreased sleep
quantity but was assessed as a part of sleep problems measure (item “Your child wakes
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up during the night”). Additionally, sleep quantity and chronotype computed from
mother-reported bedtimes and wake up times in early childhood might reflect not only a
child’s sleep preferences, but also parental routines which might influence the variable’s
relationship to later adjustment.
More studies focused on the issue need to be carried out to clarify the somewhat
mixed results of the effect by sleep quantity and chronotype: Higher sleep quantity and
morning chronotype served as protective factors against adjustment difficulties but the
results varied based on the reporter of the outcome (mothers versus adolescents) as well
as the outcome itself (internalizing problems versus problem behaviors). Lastly, as
authors of previous research repeatedly provided evidence of the association between
eveningness and maladjustment (e.g., Gelbmann et al., 2012; Giannotti et al., 2002),
Schlarb et al. (2014) emphasized the importance of identifying mechanisms behind this
link. Short sleep and greater sleep problems were suggested as the most proximal
variables potentially mediating the link; however, only limited evidence was found in
support of this hypothesis in Study 3 as well as in previous cross-sectional research
(Simor et al., 2015; van der Heijden et al., 2013). Thus, the mediating mechanisms
behind the link need to be further examined in future research.
The findings have several implications for theory, practice, and future research.
First, they support the conclusions of previous studies that measures of subjective sleep
functioning appear to be stronger predictors of adjustment than more objective
characteristics (such as sleep duration), particularly when objectively measured (e.g., by
actigraphy, Astill et al., 2012). Thus, low sleep quantity and evening chronotype does not
have to automatically translate into adjustment difficulties. First, there was a quadratic
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relationship found between sleep quantity and poor adjustment (James & Hale, 2017;
Rubens et al., 2016), suggesting that too much sleep might be equally problematic as a
short sleep; second, both short sleep and evening preference might be an unproblematic
individual preference rather than a reason for concern, particularly when not extreme.
This was, illustrated, for example, in a two-year longitudinal study of young adults by
Tavernier and Willoughby (2014), who concluded that evening types showed lower
intrapersonal adjustment than morning types only if they belonged to a group reporting
poor sleep.
Second, previous studies found that considerable amount of variance of the
overlap between sleep functioning and adjustment can be explained by genetic influence
(Barclay et al., 2011; Barclay & Gregory, 2013; Matamura et al., 2014). Heritability is an
important factor to consider as it is possible that childhood sleep functioning and
adolescent adjustment problems have in fact the same genetic and temperamental
etiology, but manifest differently based on age. Some indices that genetic factors might
be in play can be gauged for example from Study 1. Not only were childhood sleep
problems correlated with adolescent internalizing problems, but also maternal
internalizing problems were correlated with children’s sleep problems and their
internalizing problems in adolescence even when the internalizing problems were
reported by adolescents and the remaining variables by mothers. Although maternal
depression has a clear impact on parenting and attachment that can contribute to
adjustment difficulties in children (Martoccio, Brophy-Herb, Maupin, & Robinson, 2016;
Santona et al., 2015), it unlikely that it would be the only explanation of the association
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between maternal internalizing problems 1.5 years after childbirth and adolescentreported internalizing problems at age 15.
Genetic and biological factors underlying the sleep-adjustment link might also
explain why the association has been repeatedly found in a wide range of adolescent
populations, including among high school students in Australia (Alvaro et al., 2017), Italy
(Giannotti et al., 2002), Norway (Sivertsen et al., 2014), among middle school students in
Israel (Tzischinsky & Shochat, 2011), or among both middle and high school students in
China (Liu & Zhou, 2002). Findings from the current dissertation studies provided further
support for the cross-cultural validity of the sleep-adjustment link; although the analyzed
dataset only included children and adolescents from the Czech Republic, the results
largely corroborated findings from other countries.
Addressing the nature of the association between sleep functioning and
adjustment, including the mechanisms behind the link, remains to be an important task
for the future research. First, it is important to establish longitudinal stability of sleep
patterns, particularly the less researched sleep quantity and chronotype over extended
time periods. Second, the interplay between genetic and environmental factors needs to
be examined; and third, it would be also important to examine whether mechanisms
explaining the association between sleep and adjustment vary based on the investigated
time span. It is possible that poor sleep influence mood and adjustment several weeks
later due to altered physiological functioning while association between childhood sleep
problems and adolescent adjustment might be mostly due to underlying temperamental
factors. Providing answers to these questions would ultimately support a development of
intervention strategies for improvement of both sleep problems and adjustment
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difficulties and would contribute to identifying risk factors for future internalizing and
externalizing problems.
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APPENDIX
Sleep problems
At ages 1.5, 3, 5, 7 and 11:
In the last year, your child:
1.
2.
3.
4.
5.
6.
7.

Refused to go to bed.
Woke up very early.
Had difficulties falling asleep.
Had nightmares.
Kept getting up after he/she was put in bed.
Woke up during the night.
Woke up after only few hours of sleep.

0…it did not happen
1…it happened but I was not worried about it
2…it happened and I was worried a bit
3…it happened and I was worried a great deal
At ages 15 and 18:
Does your daughter/son have any sleep disorder? If so, please, specify:
1.
2.
3.
4.
5.

Does she/he have difficulties falling asleep?
Does she/he have nightmares?
Does she/he wake up during the night?
Does she/he wake up very early?
Does she/he have any other sleeping disorder?

0…no
1…yes
Internalizing problems self-report
In the last 6 months, you:
1.
2.
3.
4.
5.

Had headaches, stomach aches, or felt sick in general.
Was worried about many things.
Was sad or depressed.
Was anxious in new situations and was losing confidence easily.
Got anxious or afraid easily.

At age 11 reported on the following scale:
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0…false
1…rarely true
2…often true
3…always true
9…do not know
At ages 7, 15, and 18 reported on the following scale:
0…false
1…somewhat true
2…true
Internalizing problems mother-report
In the last 6 months, your child/adolescent:
1.
2.
3.
4.
5.

Had headaches, stomach aches, or felt sick in general.
Was worried about many things.
Looked sad or depressed.
Was anxious in new situations and was losing confidence easily.
Got anxious or afraid easily.

At age 11 reported on the following scale:
0…false
1…rarely true
2…often true
3…always true
9…do not know
At ages 7, 15, and 18 reported on the following scale:
0…false
1…somewhat true
2…true
Problem behaviors self-report
In the last 6 months, you:
1.
2.
3.
4.
5.
6.

Were restless, hyperactive, and could not stay still.
Were angry or irritable.
Were aggressive towards other children or were fighting with them.
Had troubles concentrating and staying focused.
Lied or made up things that were not true.
Stole something at home, school, or elsewhere.
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At age 11 reported on the following scale:
0…false
1…rarely true
2…often true
3…always true
9…do not know
At ages 7, 15, and 18 reported on the following scale:
0…false
1…somewhat true
2…true
Problem behaviors mother-report
In the last 6 months, your child/adolescent:
1.
2.
3.
4.
5.
6.

Was restless, hyperactive, and could not stay still.
Was angry or irritable.
Was aggressive towards other children or was fighting with them.
Had troubles concentrating and staying focused.
Lied or made up things that were not true.
Stole something at home, school, or elsewhere.

At age 11 reported on the following scale:
0…false
1…rarely true
2…often true
3…always true
9…do not know
At ages 7, 15, and 18 reported on the following scale:
0…false
1…somewhat true
2…true
Maternal internalizing problems
In the past 7 days:
1. I have been able to laugh and see the funny side of things. (R)
2. I have looked forward with enjoyment to things. (R)
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3. I have blamed myself unnecessarily when things went wrong.
4. I have been anxious or worried for no good reason.
5. I have felt scared or panicky for no very good reason.
6. Things have been getting on top of me.
7. I have been so unhappy that I have had difficulty sleeping.
8. I have felt sad or miserable.
9. I have been so unhappy that I have been crying.
10. The thought of harming myself has occurred to me.
0…never
1…not very often
2…often
3…most of the time
Maternal alcohol use
At age 1.5:
1. How much alcohol do you usually consume?
1…do not drink alcohol
2…rarely (less than once a week)
3…sometimes (at least once a week)
4…1 to 2 glasses almost every day
5…3 to 4 glasses every day
6…at least 10 glasses every day
2. On how many days during the last months have you consumed more than two
units of alcohol at one occasion (2 beers/glasses of wine/shots)?
1…every day
2…more than 10 days
3…5 to 10 days
4…3 to 4 days
5…1 to 2 days
6…none
At age 7:
1. How much alcohol do you usually consume?
1…do not drink alcohol
2…rarely (less than once a week)
3…sometimes (at least once a week)
4…1 to 2 glasses almost every day
5…3 to 4 glasses every day
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6…at least 10 glasses every day
2. On how many days during the last months have you consumed more than four
units of alcohol at one occasion (4 beers/glasses of wine/shots)?
1…every day
2…more than 10 days
3…5 to 10 days
4…3 to 4 days
5…1 to 2 days
6…none
At age 15:
1. Do you drink alcohol?
0…no
1…yes
2. How many units (glasses) of the following alcoholic beverages have you had in
the last week?
a. Light beer
b. Strong beer
c. Cocktails
d. Hard liquor (2 centiliters)
e. Hard liquor (4 centiliters)
f. Wine
3. Have you ever consumed more than six units of alcohol at one occasion (6
beers/glasses of wine/shots)?
1…never
2…less than once a month
3…Once a month
4…Once a week
5…Every day or almost every day
6…none

117

REFERENCES
Alvaro, P. K., Roberts, R. M., Harris, J. K., & Bruni, O. (2017). The direction of the
relationship between symptoms of insomnia and psychiatric disorders in
adolescents. Journal of Affective Disorders, 207, 167–174.
https://doi.org/10.1016/j.jad.2016.08.032
Arbuckle, J. L. (2014). Amos (Version 23.0) [Computer Program]. Chicago: IBM SPSS.
Armstrong, J. M., Ruttle, P. L., Klein, M. H., Essex, M. J., & Benca, R. M. (2014).
Associations of child insomnia, sleep movement, and their persistence with
mental health symptoms in childhood and adolescence. Sleep, 37(5), 901–909.
https://doi.org/10.5665/sleep.3656
Arnett, A. B., Pennington, B. F., Willcutt, E. G., DeFries, J. C., & Olson, R. K. (2015).
Sex differences in ADHD symptom severity. Journal of Child Psychology and
Psychiatry, 56(6), 632–639. https://doi.org/10.1111/jcpp.12337
Asarnow, L. D., McGlinchey, E., & Harvey, A. G. (2014). The effects of bedtime and
sleep duration on academic and emotional outcomes in a nationally representative
sample of adolescents. Journal of Adolescent Health, 54(3), 350–356.
https://doi.org/10.1016/j.jadohealth.2013.09.004
Astill, R. G., Van der Heijden, K. B., Van IJzendoorn, M. H., & Van Someren, E. J. W.
(2012). Sleep, cognition, and behavioral problems in school-age children: A
century of research meta-analyzed. Psychological Bulletin, 138(6), 1109–1138.
https://doi.org/10.1037/a0028204
Barclay, N. L., Eley, T. C., Maughan, B., Rowe, R., & Gregory, A. M. (2011).
Associations between diurnal preference, sleep quality and externalizing
behaviours: a behavioural genetic analysis. Psychological Medicine, 41(5), 1029–
1040. https://doi.org/10.1017/S0033291710001741
Barclay, N. L., & Gregory, A. M. (2013). Quantitative genetic research on sleep: A
review of normal sleep, sleep disturbances and associated emotional, behavioural,
and health-related difficulties. Sleep Medicine Reviews, 17(1), 29–40.
https://doi.org/10.1016/j.smrv.2012.01.008
Barnes, J. C., & Meldrum, R. C. (2015). The impact of sleep duration on adolescent
development: A genetically informed analysis of identical twin pairs. Journal of
Youth and Adolescence, 44(2), 489–506.
http://dx.doi.org.ezproxy.uky.edu/10.1007/s10964-014-0137-4
Becker, S. P. (2014). External validity of children’s self-reported sleep functioning:
Associations with academic, social, and behavioral adjustment. Sleep Medicine,
15(9), 1094–1100. https://doi.org/10.1016/j.sleep.2014.06.001
Bei, B., Wiley, J. F., Allen, N. B., & Trinder, J. (2015). A cognitive vulnerability model
of sleep and mood in adolescents under naturalistically restricted and extended
sleep opportunities. Sleep, 38(3), 453–461. https://doi.org/10.5665/sleep.4508
Bowers, J. M., & Moyer, A. (2017). Effects of school start time on students’ sleep
duration, daytime sleepiness, and attendance: A meta-analysis. Sleep Health:
Journal of the National Sleep Foundation, 3(6), 423–431.
https://doi.org/10.1016/j.sleh.2017.08.004
Broidy, L. M., Tremblay, R. E., Brame, B., Fergusson, D., Horwood, J. L., Laird, R., …
Vitaro, F. (2003). Developmental trajectories of childhood disruptive behaviors
118

and adolescent delinquency: A six-site, cross-national study. Developmental
Psychology, 39(2), 222–245.
Caldwell, B. A., & Redeker, N. S. (2015). Maternal stress and psychological status and
sleep in minority preschool children. Public Health Nursing, 32(2), 101–111.
https://doi.org/10.1111/phn.12104
Carskadon, M. A., & Tarokh, L. (2013). Developmental changes in circadian timing and
sleep: Adolescence and emerging adulthood. In A. Wolfson & H. MontgomeryDowns (Eds.), The Oxford handbook of infant, child, and adolescent sleep and
behavior (pp. 70–77). https://doi.org/10.1093/oxfordhb/
9780199873630.013.0006
Carskadon, M. A., Vieira, C., & Acebo, C. (1993). Association between puberty and
delayed phase preference. Sleep, 16(3), 258–262.
https://doi.org/10.1093/sleep/16.3.258
Carvalho Bos, S., Gomes, A., Clemente, V., Marques, M., Pereira, A. T., Maia, B., …
Azevedo, M. H. (2009). Sleep and behavioral/emotional problems in children: A
population-based study. Sleep Medicine, 10(1), 66–74.
https://doi.org/10.1016/j.sleep.2007.10.020
Chow, C. M., Homa, J., & Amersdorfer, A. (2017). Gender differences in sleep
problems: The mediating role of co-rumination and depressive symptoms.
Personality and Individual Differences, 108, 10–13.
https://doi.org/10.1016/j.paid.2016.11.058
Cole, D. A., & Maxwell, S. E. (2003). Testing mediational models with longitudinal data:
questions and tips in the use of structural equation modeling. Journal of Abnormal
Psychology, 112(4), 558–577. https://doi.org/10.1037/0021-843X.112.4.558
Colrain, I. M., & Baker, F. C. (2012). Sleep EEG as a potential marker of alcoholism
predisposition—Commentary on “Adolescence and parental history of
alcoholism: Insights from the sleep EEG.” Alcoholism: Clinical and Experimental
Research, 36(9), 1477–1478. https://doi.org/10.1111/j.1530-0277.2012.01892.x
Compas, B. E., Hinden, B. R., & Gerhardt, C. A. (1995). Adolescent development:
pathways and processes of risk and resilience. Annual Review of Psychology,
46(1), 265–293. https://doi.org/10.1146/annurev.ps.46.020195.001405
Conway, A., Miller, A. L., & Modrek, A. (2017). Testing reciprocal links between
trouble getting to sleep and internalizing behavior problems, and bedtime
resistance and externalizing behavior problems in toddlers. Child Psychiatry and
Human Development, 48(4), 678–689. https://doi.org/10.1007/s10578-016-0692-x
Cortese, S., Faraone, S. V., Konofal, E., & Lecendreux, M. (2009). Sleep in children with
attention-deficit/hyperactivity disorder: Meta-analysis of subjective and objective
studies. Journal of the American Academy of Child & Adolescent Psychiatry,
48(9), 894–908. https://doi.org/10.1097/CHI.0b013e3181ac09c9
Costello, D. M., Swendsen, J., Rose, J. S., & Dierker, L. C. (2008). Risk and protective
factors associated with trajectories of depressed mood from adolescence to early
adulthood. Journal of Consulting and Clinical Psychology, 76(2), 173–183.
https://doi.org/10.1037/0022-006X.76.2.173
Coulombe, J. A., Reid, G. J., Boyle, M. H., & Racine, Y. (2011). Sleep problems,
tiredness, and psychological symptoms among healthy adolescents. Journal of
Pediatric Psychology, 36(1), 25–35. https://doi.org/10.1093/jpepsy/jsq028
119

Cox, J. L., Holden, J. M., & Sagovsky, R. (1987). Detection of postnatal depression:
Development of the 10-item Edinburgh Postnatal Depression Scale. The British
Journal of Psychiatry, 150, 782–786.
Crowley, S. J. (2013). Assessment of circadian rhythms. In A. Wolfson & H.
Montgomery-Downs (Eds.), The Oxford handbook of infant, child, and adolescent
sleep and behavior (pp. 204–222).
https://doi.org/10.1093/oxfordhb/9780199873630.013.0015
Cummings, E. M., George, M. R. W., Koss, K. J., & Davies, P. T. (2013). Parental
depressive symptoms and adolescent adjustment: Responses to children’s distress
and representations of attachment as explanatory mechanisms. Parenting: Science
and Practice, 13(4), 213–232. https://doi.org/10.1080/15295192.2013.832568
Dagys, N., McGlinchey, E. L., Talbot, L. S., Kaplan, K. A., Dahl, R. E., & Harvey, A. G.
(2012). Double trouble? The effects of sleep deprivation and chronotype on
adolescent affect. Journal of Child Psychology and Psychiatry, 53(6), 660–667.
https://doi.org/10.1111/j.1469-7610.2011.02502.x
De Los Reyes, A., & Kazdin, A. E. (2004). Measuring informant discrepancies in clinical
child research. Psychological Assessment, 16(3), 330–334.
https://doi.org/10.1037/1040-3590.16.3.330
DeRoche, K. K. (2009). Functioning of global fit statistics in latent growth curve
modeling (Doctoral dissertation). Retrieved from
https://digscholarship.unco.edu/dissertations/104/.
Díaz-Morales, J. F. (2015). Morningness–Eveningness Scale for Children (MESC):
Spanish normative data and factorial invariance according to sex and age.
Personality and Individual Differences, 87, 116–120.
https://doi.org/10.1016/j.paid.2015.07.027
Doi, Y., Ishihara, K., & Uchiyama, M. (2015). Associations of chronotype with social
jetlag and behavioral problems in preschool children. Chronobiology
International, 32(8), 1101–1108. https://doi.org/10.3109/07420528.2015.1063503
Duarte, L. L., Menna-Barreto, L., Miguel, M. A. L., Louzada, F., Araújo, J., Alam, M.,
… Pedrazzoli, M. (2014). Chronotype ontogeny related to gender. Brazilian
Journal of Medical and Biological Research, 47(4), 316–320.
https://doi.org/10.1590/1414-431X20143001
Duncan, T. E., & Duncan, S. C. (2004). An introduction to latent growth curve modeling.
Behavior Therapy, 35(2), 333–363. https://doi.org/10.1016/S00057894(04)80042-X
El-Sheikh, M., & Arsiwalla, D. D. (2011). Children’s sleep, skin conductance level and
mental health. Journal of Sleep Research, 20(2), 326–337.
https://doi.org/10.1111/j.1365-2869.2010.00880.x
Fares, S., Hermens, D. F., Naismith, S. L., White, D., Hickie, I. B., & Robillard, R.
(2015). Clinical correlates of chronotypes in young persons with mental disorders.
Chronobiology International, 32(9), 1183–1191.
https://doi.org/10.3109/07420528.2015.1078346
Gagne, J. R., Spann, C. A., & Prater, J. C. (2013). Parent depression symptoms and child
temperament outcomes: A family study approach. Journal of Applied
Biobehavioral Research, 18(4), 175–197. https://doi.org/10.1111/jabr.12013

120

Gau, S.-F., Shang, C.-Y., Merikangas, K. R., Chiu, Y.-N., Soong, W.-T., & Cheng, T.-A.
(2007). Association between morningness-eveningness and behavioral/emotional
problems among adolescents. Journal of Biological Rhythms, 22(3), 268–274.
https://doi.org/10.1177/0748730406298447
Gau, S.-F., & Soong, W.-T. (2003). The transition of sleep-wake patterns in early
adolescence. Sleep, 26(4), 449–454. https://doi.org/10.1093/sleep/26.4.449
Gelbmann, G., Kuhn-Natriashvili, S., Pazhedath, T. J., Ardeljan, M., Wöber, C., &
Wöber-Bingöl, Ç. (2012). Morningness: Protective factor for sleep-related and
emotional problems in childhood and adolescence? Chronobiology International,
29(7), 898–910. https://doi.org/10.3109/07420528.2012.686946
Giannotti, F., Cortesi, F., Sebastiani, T., & Ottaviano, S. (2002). Circadian preference,
sleep and daytime behaviour in adolescence. Journal of Sleep Research, 11(3),
191–199. https://doi.org/10.1046/j.1365-2869.2002.00302.x
Goldstein, D., Hahn, C. S., Hasher, L., Wiprzycka, U. J., & Zelazo, P. D. (2007). Time of
day, intellectual performance, and behavioral problems in Morning versus
Evening type adolescents: Is there a synchrony effect? Personality and Individual
Differences, 42(3), 431–440. https://doi.org/10.1016/j.paid.2006.07.008
Goodnight, J. A., Bates, J. E., Staples, A. D., Pettit, G. S., & Dodge, K. A. (2007).
Temperamental resistance to control increases the association between sleep
problems and externalizing behavior development. Journal of Family Psychology,
21(1), 39–48. https://doi.org/10.1037/0893-3200.21.1.39
Graber, J. A. (2013). Pubertal timing and the development of psychopathology in
adolescence and beyond. Hormones and Behavior, 64(2), 262–269.
https://doi.org/10.1016/j.yhbeh.2013.04.003
Gregory, A. M., Ende, J. V. der, Willis, T. A., & Verhulst, F. C. (2008). Parent-reported
sleep problems during development and self-reported anxiety/depression,
attention problems, and aggressive behavior later in life. Archives of Pediatrics &
Adolescent Medicine, 162(4), 330–335.
https://doi.org/10.1001/archpedi.162.4.330
Gregory, A. M., & O’Connor, T. G. (2002). Sleep problems in childhood: A longitudinal
study of developmental change and association with behavioral problems. Journal
of the American Academy of Child & Adolescent Psychiatry, 41(8), 964–971.
https://doi.org/10.1097/00004583-200208000-00015
Gregory, A. M., & Sadeh, A. (2016). Annual research review: Sleep problems in
childhood psychiatric disorders – a review of the latest science. Journal of Child
Psychology and Psychiatry, 57(3), 296–317. https://doi.org/10.1111/jcpp.12469
Hasler, B. P., Allen, J. J. B., Sbarra, D. A., Bootzin, R. R., & Bernert, R. A. (2010).
Morningness–eveningness and depression: Preliminary evidence for the role of
the behavioral activation system and positive affect. Psychiatry Research, 176(2–
3), 166–173. https://doi.org/10.1016/j.psychres.2009.06.006
Hayley, A. C., Skogen, J. C., Øverland, S., Wold, B., Williams, L. J., Kennedy, G. A., &
Sivertsen, B. (2015). Trajectories and stability of self-reported short sleep
duration from adolescence to adulthood. Journal of Sleep Research, 24(6), 621–
628. https://doi.org/10.1111/jsr.12316
Hidalgo, M. P., Caumo, W., Posser, M., Coccaro, S. B., Camozzato, A. L., & Chaves, M.
L. F. (2009). Relationship between depressive mood and chronotype in healthy
121

subjects. Psychiatry and Clinical Neurosciences, 63(3), 283–290.
https://doi.org/10.1111/j.1440-1819.2009.01965.x
Hirshkowitz, M., Whiton, K., Albert, S. M., Alessi, C., Bruni, O., DonCarlos, L., …
Hillard, P. J. A. (2015). National Sleep Foundation’s sleep time duration
recommendations: methodology and results summary. Sleep Health, 1(1), 40–43.
https://doi.org/10.1016/j.sleh.2014.12.010
Hsu, C.-Y., Gau, S.-F., Shang, C.-Y., Chiu, Y.-N., & Lee, M.-B. (2012). Associations
between chronotypes, psychopathology, and personality among incoming college
students. Chronobiology International, 29(4), 491–501.
https://doi.org/10.3109/07420528.2012.668995
Huselid, R. F., & Cooper, M. L. (1994). Gender roles as mediators of sex differences in
expressions of pathology. Journal of Abnormal Psychology, 103(4), 595–603.
James, S., & Hale, L. (2017). Sleep duration and child well-being: A nonlinear
association. Journal of Clinical Child & Adolescent Psychology, 46(2), 258–268.
https://doi.org/10.1080/15374416.2016.1204920
Kaplan, D., & George, R. (1998). Evaluating latent variable growth models through ex
post simulation. Journal of Educational and Behavioral Statistics, 23(3), 216–
235. https://doi.org/10.2307/1165245
Kelly, R. J., & El-Sheikh, M. (2014). Reciprocal relations between children’s sleep and
their adjustment over time. Developmental Psychology, 50(4), 1137–1147.
https://doi.org/10.1037/a0034501
Kenny, D. A. (2012, March 18). Identification. Retrieved from
http://davidakenny.net/cm/identify_formal.htm
Kobayashi, K., Yorifuji, T., Yamakawa, M., Oka, M., Inoue, S., Yoshinaga, H., & Doi,
H. (2015). Poor toddler-age sleep schedules predict school-age behavioral
disorders in a longitudinal survey. Brain and Development, 37(6), 572–578.
https://doi.org/10.1016/j.braindev.2014.10.004
Kouros, C. D., & El-Sheikh, M. (2015). Daily mood and sleep: reciprocal relations and
links with adjustment problems. Journal of Sleep Research, 24(1), 24–31.
https://doi.org/10.1111/jsr.12226
Kuo, S. I., Updegraff, K. A., Zeiders, K. H., Mchale, S. M., Umaña-Taylor, A. J., De
Jesús, S. A., & Rodríguez. (2015). Mexican american adolescents’ sleep patterns:
Contextual correlates and implications for health and adjustment in young
adulthood. Journal of Youth and Adolescence; New York, 44(2), 346–361.
http://dx.doi.org.ezproxy.uky.edu/10.1007/s10964-014-0156-1
Laberge, L., Petit, D., Simard, C., Vitaro, F., Tremblay, R. e., & Montplaisir, J. (2001).
Development of sleep patterns in early adolescence. Journal of Sleep Research,
10(1), 59–67. https://doi.org/10.1046/j.1365-2869.2001.00242.x
Lange, L., & Randler, C. (2011). Morningness‐eveningness and behavioural problems in
adolescents. Sleep and Biological Rhythms, 9(1), 12–18.
https://doi.org/10.1111/j.1479-8425.2010.00478.x
Little, T. D. (2013). Longitudinal structural equation modeling. New York: Guilford
Press.
Liu, X., & Zhou, H. (2002). Sleep duration, insomnia and behavioral problems among
Chinese adolescents. Psychiatry Research, 111(1), 75–85.
https://doi.org/10.1016/S0165-1781(02)00131-2
122

Lovato, N., & Gradisar, M. (2014). A meta-analysis and model of the relationship
between sleep and depression in adolescents: Recommendations for future
research and clinical practice. Sleep Medicine Reviews, 18(6), 521–529.
https://doi.org/10.1016/j.smrv.2014.03.006
Magee, C. A., Gordon, R., & Caputi, P. (2014). Distinct developmental trends in sleep
duration during early childhood. Pediatrics, 133(6), 1561–1567.
https://doi.org/10.1542/peds.2013-3806
Mares, S. H. W., Lichtwarck-Aschoff, A., & Engels, R. C. M. E. (2013). Alcohol-specific
parenting, adolescent alcohol use and the mediating effect of adolescent alcoholrelated cognitions. Psychology & Health, 28(7), 833–848.
https://doi.org/10.1080/08870446.2012.762453
Martoccio, T. L., Brophy-Herb, H. E., Maupin, A. N., & Robinson, J. L. (2016).
Longitudinal pathways from early maternal depression to children’s dysregulated
representations: A moderated mediation analysis of harsh parenting and gender.
Attachment & Human Development, 18(1), 46–68.
https://doi.org/10.1080/14616734.2015.1111397
Matamura, M., Tochigi, M., Usami, S., Yonehara, H., Fukushima, M., Nishida, A., …
Sasaki, T. (2014). Associations between sleep habits and mental health status and
suicidality in a longitudinal survey of monozygotic twin adolescents. Journal of
Sleep Research, 23(3), 290–294. https://doi.org/10.1111/jsr.12127
Meijer, A. M., Reitz, E., Deković, M., van den Wittenboer, G. L. H., & Stoel, R. D.
(2010). Longitudinal relations between sleep quality, time in bed and adolescent
problem behaviour. Journal of Child Psychology and Psychiatry, 51(11), 1278–
1286. https://doi.org/10.1111/j.1469-7610.2010.02261.x
Meldrum, R. C., Barnes, J. C., & Hay, C. (2015). Sleep deprivation, low self-control, and
delinquency: A test of the strength model of self-control. Journal of Youth and
Adolescence, 44(2), 465–477. http://dx.doi.org.ezproxy.uky.edu/10.1007/s10964013-0024-4
Merikanto, I., Pesonen, A.-K., Kuula, L., Lahti, J., Heinonen, K., Kajantie, E., &
Räikkönen, K. (2017). Eveningness as a risk for behavioral problems in late
adolescence. Chronobiology International, 34(2), 225–234.
https://doi.org/10.1080/07420528.2016.1267739
Mindell, J. A., Leichman, E. S., DuMond, C., & Sadeh, A. (2017). Sleep and socialemotional development in infants and toddlers. Journal of Clinical Child &
Adolescent Psychology, 46(2), 236–246.
https://doi.org/10.1080/15374416.2016.1188701
Muthén, L.K. and Muthén, B.O. (1998-2017). Mplus User’s Guide: Eighth Edition.
Los Angeles, CA: Muthén & Muthén.
Negriff, S., & Susman, E. J. (2011). Pubertal timing, depression, and externalizing
problems: A framework, review, and examination of gender differences. Journal
of Research on Adolescence, 21(3), 717–746. https://doi.org/10.1111/j.15327795.2010.00708.x
Nelson, T. D., Lundahl, A., Molfese, D. L., Waford, R. N., Roman, A., Gozal, D., …
Ferguson, M. C. (2014). Estimating child sleep from parent report of time in bed:
Development and evaluation of adjustment approaches. Journal of Pediatric
Psychology, 39(6), 624–632. https://doi.org/10.1093/jpepsy/jsu020
123

Nolen-Hoeksema, S. (2001). Gender differences in depression. Current Directions in
Psychological Science, 10(5), 173–176.
Paavonen, E. J., Porkka-Heiskanen, T., & Lahikainen, A. R. (2009). Sleep quality,
duration and behavioral symptoms among 5–6-year-old children. European Child
& Adolescent Psychiatry, 18(12), 747–754. https://doi.org/10.1007/s00787-0090033-8
Pabst, S. R., Negriff, S., Dorn, L. D., Susman, E. J., & Huang, B. (2009). Depression and
anxiety in adolescent females: The impact of sleep preference and Body Mass
Index. Journal of Adolescent Health, 44(6), 554–560.
https://doi.org/10.1016/j.jadohealth.2008.11.012
Peach, H. D., & Gaultney, J. F. (2013). Sleep, impulse control, and sensation-seeking
predict delinquent behavior in adolescents, emerging adults, and adults. The
Journal of Adolescent Health, 53(2), 293–299.
https://doi.org/10.1016/j.jadohealth.2013.03.012
Perfect, M. M., Levine‐Donnerstein, D., Archbold, K., Goodwin, J. L., & Quan, S. F.
(2014). The contribution of sleep problems to academic and psychosocial
functioning. Psychology in the Schools, 51(3), 273–295.
https://doi.org/10.1002/pits.21746
Pesonen, A.-K., Martikainen, S., Heinonen, K., Wehkalampi, K., Lahti, J., Kajantie, E.,
& Räikkönen, K. (2014). Continuity and change in poor sleep from childhood to
early adolescence. Sleep, 37(2), 289–297. https://doi.org/10.5665/sleep.3400
Pesonen, A.-K., Räikkönen, K., Paavonen, E. J., Heinonen, K., Komsi, N., Lahti, J., …
Strandberg, T. (2010). Sleep duration and regularity are associated with
behavioral problems in 8-year-old children. International Journal of Behavioral
Medicine, 17(4), 298–305. https://doi.org/10.1007/s12529-009-9065-1
Pieters, S., Burk, W. J., Van der Vorst, H., Dahl, R. E., Wiers, R. W., Engels, R. C., … E.
(2015). Prospective relationships between sleep problems and substance use,
internalizing and externalizing problems. Journal of Youth and Adolescence,
44(2), 379–388. http://dx.doi.org.ezproxy.uky.edu/10.1007/s10964-014-0213-9
Piler, P., Kandrnal, V., Kukla, L., Andrýsková, L., Švancara, J., Jarkovský, J., …
Klánová, J. (2017). Cohort Profile: The European Longitudinal Study of
Pregnancy and Childhood (ELSPAC) in the Czech Republic. International
Journal of Epidemiology, 46(5), 1379-1379f. https://doi.org/10.1093/ije/dyw091
Randler, C. (2011). Association between morningness-eveningness and mental and
physical health in adolescents. Psychology, Health & Medicine, 16(1), 29–38.
https://doi.org/10.1080/13548506.2010.521564
Randler, C., & Truc, Y. (2014). Adaptation of the Composite Scale of Morningness for
parent report and results from kindergarten children. Swiss Journal of Psychology,
73(1), 35–39. https://doi.org/10.1024/1421-0185/a000121
Randler, C., & Vollmer, C. (2013). Aggression in young adults—A matter of short sleep
and social jetlag? Psychological Reports, 113(3), 754–765.
https://doi.org/10.2466/16.02.PR0.113x31z7
Reid, G. J., Hong, R. Y., & Wade, T. J. (2009). The relation between common sleep
problems and emotional and behavioral problems among 2- and 3-year-olds in the
context of known risk factors for psychopathology. Journal of Sleep Research,
18(1), 49–59. https://doi.org/10.1111/j.1365-2869.2008.00692.x
124

Rubens, S. L., Evans, S. C., Becker, S. P., Fite, P. J., & Tountas, A. M. (2016). Selfreported time in bed and sleep quality in association with internalizing and
externalizing symptoms in school-age youth. Child Psychiatry and Human
Development. https://doi.org/10.1007/s10578-016-0672-1
Sadeh, A., Tikotzky, L., & Kahn, M. (2014). Sleep in infancy and childhood:
implications for emotional and behavioral difficulties in adolescence and beyond.
Current Opinion in Psychiatry, 27(6), 453–459.
https://doi.org/10.1097/YCO.0000000000000109
Santona, A., Tagini, A., Sarracino, D., De Carli, P., Pace, C. S., Parolin, L., & Terrone G.
(2015). Maternal depression and attachment: The evaluation of mother-child
interactions. Frontiers in Psychology, 6, 1235. doi: 10.3389/fpsyg.2015.01235
Scharf, R. J., Demmer, R. T., Silver, E. J., & Stein, R. E. K. (2013). Nighttime sleep
duration and externalizing behaviors of preschool children. Journal of
Developmental and Behavioral Pediatrics, 34(6), 384–391.
https://doi.org/10.1097/DBP.0b013e31829a7a0d
Schlarb, A. A., Sopp, R., Ambiel, D., & Grünwald, J. (2014). Chronotype-related
differences in childhood and adolescent aggression and antisocial behavior—A
review of the literature. Chronobiology International, 31(1), 1–16.
https://doi.org/10.3109/07420528.2013.829846
Scott, N., Blair, P. S., Emond, A. M., Fleming, P. J., Humphreys, J. S., Henderson, J., &
Gringras, P. (2013). Sleep patterns in children with ADHD: A population-based
cohort study from birth to 11 years. Journal of Sleep Research, 22(2), 121–128.
https://doi.org/10.1111/j.1365-2869.2012.01054.x
Schwichtenberg, A. J., Christ, S., Abel, E., & Poehlmann-Tynan, J. A. (2016). Circadian
sleep patterns in toddlers born preterm: Longitudinal associations with
developmental and health concerns. Journal of Developmental and Behavioral
Pediatrics, 37(5), 358–369. http://doi.org/10.1097/DBP.0000000000000287
Seegers, V., Petit, D., Falissard, B., Vitaro, F., Tremblay, R. E., Montplaisir, J., &
Touchette, E. (2011). Short sleep duration and body mass index: A prospective
longitudinal study in preadolescence. American Journal of Epidemiology, 173(6),
621–629. https://doi.org/10.1093/aje/kwq389
Shanahan, L., Copeland, W. E., Angold, A., Bondy, C. L., & Costello, E. J. (2014). Sleep
problems predict and are predicted by generalized anxiety/depression and
oppositional defiant disorder. Journal of the American Academy of Child &
Adolescent Psychiatry, 53(5), 550–558. https://doi.org/10.1016/j.jaac.2013.12.029
Sheridan, A., Murray, L., Cooper, P. J., Evangeli, M., Byram, V., & Halligan, S. L.
(2013). A longitudinal study of child sleep in high and low risk families:
Relationship to early maternal settling strategies and child psychological
functioning. Sleep Medicine, 14(3), 266–273.
https://doi.org/10.1016/j.sleep.2012.11.006
Shochat, T., Cohen-Zion, M., & Tzischinsky, O. (2014). Functional consequences of
inadequate sleep in adolescents: A systematic review. Sleep Medicine Reviews,
18(1), 75–87. https://doi.org/10.1016/j.smrv.2013.03.005
Short, M. A., Gradisar, M., Lack, L. C., & Wright, H. R. (2013). The impact of sleep on
adolescent depressed mood, alertness and academic performance. Journal of

125

Adolescence, 36(6), 1025–1033.
https://doi.org/10.1016/j.adolescence.2013.08.007
Simola, P., Liukkonen, K., Pitkäranta, A., Pirinen, T., & Aronen, E. T. (2014).
Psychosocial and somatic outcomes of sleep problems in children: A 4‐year
follow‐up study. Child: Care, Health and Development, 40(1), 60–67.
https://doi.org/10.1111/j.1365-2214.2012.01412.x
Simor, P., Zavecz, Z., Pálosi, V., Török, C., & Köteles, F. (2015). The influence of sleep
complaints on the association between chronotype and negative emotionality in
young adults. Chronobiology International, 32(1), 1–10.
https://doi.org/10.3109/07420528.2014.935786
Simpkin, C. T., Jenni, O. G., Carskadon, M. A., Wright, K. P. J., Akacem, L. D., Garlo,
K. G., & LeBourgeois, M. K. (2014). Chronotype is associated with the timing of
the circadian clock and sleep in toddlers. Journal of Sleep Research, 23(4), 397–
405. https://doi.org/10.1111/jsr.12142
Sivertsen, B., Harvey, A. G., Pallesen, S., & Hysing, M. (2017). Trajectories of sleep
problems from childhood to adolescence: A population-based longitudinal study
from Norway. Journal of Sleep Research, 26(1), 55–63.
https://doi.org/10.1111/jsr.12443
Sivertsen, B., Harvey, A., Lundervold, A., & Hysing, M. (2014). Sleep problems and
depression in adolescence: results from a large population-based study of
Norwegian adolescents aged 16-18 years. European Child & Adolescent
Psychiatry, 23(8), 681–689. https://doi.org/10.1007/s00787-013-0502-y
Stallones, L., Beseler, C., & Chen, P. (2006). Sleep patterns and risk of injury among
adolescent farm residents. American Journal of Preventive Medicine, 30(4), 300–
304. https://doi.org/10.1016/j.amepre.2005.11.010
Susman, E. J., Dockray, S., Schiefelbein, V. L., Herwehe, S., Heaton, J. A., & Dorn, L.
D. (2007). Morningness/eveningness, morning-to-afternoon cortisol ratio, and
antisocial behavior problems during puberty. Developmental Psychology, 43(4),
811–822. https://doi.org/10.1037/0012-1649.43.4.811
Tavernier, R., & Willoughby, T. (2014). Are all evening-types doomed? Latent class
analyses of perceived morningness–eveningness, sleep and psychosocial
functioning among emerging adults. Chronobiology International, 31(2), 232–
242. https://doi.org/10.3109/07420528.2013.843541
Touchette, E., Chollet, A., Galéra, C., Fombonne, E., Falissard, B., Boivin, M., &
Melchior, M. (2012). Prior sleep problems predict internalising problems later in
life. Journal of Affective Disorders, 143(1–3), 166–171.
https://doi.org/10.1016/j.jad.2012.05.049
Touchette, E., Côté, S. M., Petit, D., Liu, X., Boivin, M., Falissard, B., … Montplaisir, J.
Y. (2009). Short nighttime sleep-duration and hyperactivity trajectories in early
childhood. Pediatrics, 124(5), 985–993. https://doi.org/10.1542/peds.2008-2005
Touchette, E., Petit, D., Séguin, J. R., Boivin, M., Tremblay, R. E., & Montplaisir, J. Y.
(2007). Associations between sleep duration patterns and behavioral/cognitive
functioning at school entry. Sleep, 30(9), 1213–1219.
Troxel, W. M., Lee, L., Hall, M., & Matthews, K. A. (2014). Single-parent family
structure and sleep problems in Black and White adolescents. Sleep Medicine,
15(2), 255–261. https://doi.org/10.1016/j.sleep.2013.10.012
126

Tzischinsky, O., & Shochat, T. (2011). Eveningness, sleep patterns, daytime functioning,
and quality of life in Israeli adolescents. Chronobiology International, 28(4),
338–343. https://doi.org/10.3109/07420528.2011.560698
Umlauf, M. G., Bolland, A. C., Bolland, K. A., Tomek, S., & Bolland, J. M. (2015). The
effects of age, gender, hopelessness, and exposure to violence on sleep disorder
symptoms and daytime sleepiness among adolescents in impoverished
neighborhoods. Journal of Youth and Adolescence, 44(2), 518–542.
http://dx.doi.org.ezproxy.uky.edu/10.1007/s10964-014-0160-5
Umlauf, M. G., Bolland, J. M., & Lian, B. E. (2011). Sleep disturbance and risk
behaviors among inner-city African-American adolescents. Journal of Urban
Health, 88(6), 1130–1142. http://dx.doi.org.ezproxy.uky.edu/10.1007/s11524011-9591-4
van der Heijden, K. B., de Sonneville, L. M. J., & Swaab, H. (2013). Association of
eveningness with problem behavior in children: A mediating role of impaired
sleep. Chronobiology International, 30(7), 919–929.
https://doi.org/10.3109/07420528.2013.790041
Vazsonyi, A. T., Mikuška, J., & Kelley, E. L. (2017). It’s time: A meta-analysis on the
self-control-deviance link. Journal of Criminal Justice, 48, 48–63.
https://doi.org/10.1016/j.jcrimjus.2016.10.001
Walker, E. F. (2002). Adolescent neurodevelopment and psychopathology. Current
Directions in Psychological Science, 11(1), 24–28.
Wang, B., Isensee, C., Becker, A., Wong, J., Eastwood, P. R., Huang, R.-C., …
Rothenberger, A. (2016). Developmental trajectories of sleep problems from
childhood to adolescence both predict and are predicted by emotional and
behavioral problems. Frontiers in Psychology, 7, 1874.
https://doi.org/10.3389/fpsyg.2016.01874
Weinraub, M., Bender, R. H., Friedman, S. L., Susman, E. J., Knoke, B., Bradley, R., …
Williams, J. (2012). Patterns of developmental change in infants’ nighttime sleep
awakenings from 6 through 36 months of age. Developmental Psychology, 48(6),
1511–1528. https://doi.org/10.1037/a0027680
Werner, H., LeBourgeois, M. K., Geiger, A., & Jenni, O. G. (2009). Assessment of
chronotype in four- to eleven-year-old children: Reliability and validity of the
Children’s ChronoType Questionnaire (CCTQ). Chronobiology International,
26(5), 992–1014. https://doi.org/10.1080/07420520903044505
Whalen, D. J., Gilbert, K. E., Barch, D. M., Luby, J. L., & Belden, A. C. (2017).
Variation in common preschool sleep problems as an early predictor for
depression and anxiety symptom severity across time. Journal of Child
Psychology and Psychiatry, 58(2), 151-159.
Willis, T. A., & Gregory, A. M. (2015). Anxiety disorders and sleep in children and
adolescents. Sleep Medicine Clinics, 10(2), 125–131.
https://doi.org/10.1016/j.jsmc.2015.02.002
Wong, M. M., Brower, K. J., & Zucker, R. A. (2009). Childhood sleep problems, early
onset of substance use and behavioral problems in adolescence. Sleep Medicine,
10(7), 787–796. https://doi.org/10.1016/j.sleep.2008.06.015

127

Wong, M. M., Brower, K. J., & Zucker, R. A. (2011). Sleep problems, suicidal ideation,
and self-harm behaviors in adolescence. Journal of Psychiatric Research, 45(4),
505–511. https://doi.org/10.1016/j.jpsychires.2010.09.005
Wright, A. G. C., & Hallquist, M. N. (2014). Mixture modeling methods for the
assessment of normal and abnormal personality part II: Longitudinal models.
Journal of Personality Assessment, 96(3), 269–282.
https://doi.org/10.1080/00223891.2013.830262
Ystrom, E., Hysing, M., Torgersen, L., Ystrom, H., Reichborn-Kjennerud, T., &
Sivertsen, B. (2017). Maternal symptoms of anxiety and depression and child
nocturnal awakenings at 6 and 18 months. Journal of Pediatric Psychology,
42(10), 1156–1164. https://doi.org/10.1093/jpepsy/jsx066
Zahn-Waxler, C. (1993). Warriors and worriers: Gender and psychopathology.
Development and Psychopathology, 5(1–2), 79–89.
https://doi.org/10.1017/S0954579400004272

128

VITA

EDUCATION
Masaryk University, Brno, Czech Republic
MS, Psychology, January 2013
Edgewood College, Madison, WI
One-year study abroad program in Marriage and Family Therapy
August 2011 – May 2012
Masaryk University, Brno, Czech Republic
BA, Psychology (major) and Media Studies/Journalism (minor), June 2010
RESEARCH EXPERIENCE
University of Kentucky, Lexington, KY
Research Assistant, August 2013 - present
Masaryk University, Brno, Czech Republic
Research Assistant, January 2013 - June 2013
Masaryk University, Brno, Czech Republic
Research Assistant, June 2010 - June 2011
HONORS & AWARDS
Doctoral Student of Distinction, School of Human Environmental Sciences, University of
Kentucky, May 2018
Graduate Student Congress Outstanding Service Award ($ 500), University of Kentucky,
November 2017
Faculty Fellows at Presentation U at the University of Kentucky ($ 2,500),
December 2015
Doctoral Student of Excellence, School of Human Environmental Sciences, University of
Kentucky, May 2015
Lyman T. Johnson Academic Year Fellowship ($ 5,000 per semester), University of
Kentucky, 2014-2017
PEER REVIEWED PUBLICATIONS
Vazsonyi, A. T., & Ksinan Jiskrova G. (2018). On the development of self-control and
deviance from preschool to middle adolescence. Journal of Criminal Justice, 56,
60-69.
Vazsonyi, A. T., Ksinan Jiskrova, G., Özdemir, Y., & Bell, M. M. (2017). Testing direct
and indirect effects of maternal and paternal parenting processes on bullying and
cyberbullying in Turkish adolescents. Journal of Cross-Cultural Psychology, 48,
1153-1171.

129

Vazsonyi, A. T., Ksinan Jiskrova, G., Kelley, E., & Ksinan, A. J. (2016). Online and
offline bullying perpetration in a rural developmental context: The impact by
social media use. Journal of Rural Social Sciences, 31, 86-106.
Vazsonyi, A. T., Ksinan Jiskrova G., Ksinan, A. J., Blatny, M. (2016). An empirical test
of self-control theory in Roma adolescents. Journal of Criminal Justice, 44, 6676.
Wachs, S., Ksinan Jiskrova, G., Vazsonyi, A. T., Wolf, K. D., & Junger, M. (2015).
Frequencies and correlates of cybergrooming: Evidence from three Western and
one Southeast Asian country. Psicologia Educativa, 22, 61-70.
Vazsonyi, A. T., Ksinan, A., Mikuska, J., & Jiskrova, G. (2015). The Big Five and
adolescent adjustment: An empirical test across six cultures. Personality and
Individual Differences, 83, 234-244.
FINAL COPY
Gabriela Ksinan Jiskrova

130

